DESCRIPTION

BIOSENSOR, THIN FILM ELECTﬁQDE FORMING METHOD,

QUANTIFICATION APPARATUS, ANDiQUANTIFICATION METHOD

TECHNICAL FIELD

The present invention relates to a biosensor which
quantifies a substrate included in a sample liquid, a thin film
electrode forming method suitable at the manufacture of fhis
biosensor, as well as a quantification apparatus and a
gquantification method using the Sioseﬁsor and, more
particularly, to a biosensor which provides a low manufacture
error and a stable performance, a thin film electrode forming
method used in manufacturing electtédes of the biosensor, as
well as a quantification apparatus and a quantification method

- using the biosensor.

BACKGROUND ART

A biosensor is a sensor whiéh utilizes a molecule
recognizing capacity of a biological material such as
.microorganisms, enzymes, antibodies, DNA, and RNA and applies a
biological material as a molecular discrimination element to
_ quantify a substrate included in a sample liquid. That is, the
substrate included in the sample liquid is quantified by

utilizing a reaction which is caused when a biolegical material



recognizes an objecti#e,substrate, such as an oxygen
consumption due to respiration of a microorganism, an enzyme
reaction, and a luminous reaction.  Among various biosensors,
an enzyme sensor has prdgressively ¢§me intb practical use, and
an enzyme sensor as a biosensor forﬁ*for example, glucose,
lactic acid, cholesterol, and émino acid is utilized in the
medical diagnostics or food industry. This enzyme sensor
reduces an electron transfer agent by an electron which is
'generated by a reaction of a substrate included in a sample
liguid as a specimen and enzyme or the like, and a
guantification apparatus electroéhemically measures a reduction
guantity of the transfer agent, thereby performing gquantitative
‘analysis of the specimen.

Various models of such biosensor are proposed.
Hereinafter, a biosensor Z as a conventional biosensor will be
described.

Figure 21(a) is an exploded perspective view of a
biosensor Z and figure 21(b) is a diagram illustrating a
structure of an electrode part formed at the tip of the
biosensor 2.

The biosensor 2 has its respective members which are
bonded in positional relationships shown by dotted lines in
figure 21(a).

.The electrode parf of the biosensor 2 is formed through

three printing processes as described below.
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In the first process, a silver paste with a high
electrical conductivity is printed o# an insulating support
1101 by a screen printihg method and dried to form electrode
lead parts 1102a and 1102b.

In the second process, a"carbohwpaste is prihted on the
electrode lead parts 1102a and 1102b and dried to form a
counter electrode 1103a and a working electrode 1103b. The
working electrode 1103b is located inside the ring-shaped
counter electrode 1103a, and the counter electrode 1103a and
the working electrode 1103b is in contact with the electrode
lead parts 1102a and 1102b, respectively. |

In the third process, a insulating paste 1104 as an
insulating material is printed on the counter electrode 1103a
and the working electrode 1103b and dried to define areas of
the counter electrode 1103a and the workihg éiectrode 1103b.

A reagent including enzyme or the like is applied to the
couhter electrode 1103a and fhe working electrode 1103b which
are formed on the support 1101 as described above, whereby a
feagent layer 1105 is formed, and a spacer 1106 having a cutout
part 1106a for forming a specimen supply path and a cover 1107
having an air hole 1107a are further laminated thereon and
bonded. One end of the cutout part 1106a of the spacer 1106
leads to the air hole 1107a provided in the cover 1107. As
shown in fiqure 21(b), the arrangements of the counter

electrode 1103a and the working electrode 1103b which are
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formed on the support 1101 are such tﬁat the counter electrode
1103a is located at a position nearest to an inlet 1106b of the
specimen supply path and the workihg electrode 1103b and the
counter electrode 1103a are located;in the inner part thereof.

A description will be given of a method for quantifying a

' substrate in a sample liguid in the so-constructed biosensor Z

with reference to figure 21(b).

The sample liquid (hereinafter, also referred to as
“gpecimen”) is supplied to the iniet_1106b of the specimen
supply path in a state where a fixed voltage is applied between
the counter elecfrode 1103a and the working electrode 1103b by
a quantification apparatus (hereinafter, also referred to as
“measuring device”) connected to the biosensor 2. The specimen
is drawn inside the specimen supply path by capillary
phenomenon, passes on the counter eléctrode 1103a nearer to the
inlet 1106k, and reaches-£§ the working electrodé\1103a, and a
dissolution of the reagent layer 1105 is started. At this
point of time, the quantification apparatus detects an
electrical change occurring between the counter electrode 1103a
and the working electrode 1103b, and starts a quantification
operation. In this way, the substrate included in the sample
liquid is quantified.

Since this biosensor Z has variations in output
characteristics for each prodﬁction Jot, it is required to

correct variations in the output characteristics in a measuring
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device for practical use. A conventional method for coping
this will be described below.

Figure 22 is a diagrém illustréﬁing a state where the
biosensor Z is inserted in a measuriﬁg device. Numeral 4115
denotes a measurihg device in Whichﬁfhe biosensor 2 is inserted.
Numeral 4116 denotes an opening of iﬁe measuring device 4115,
info which the biosensor Z is inserted. Numeral 4117 denotes a
display part of the measuring device 4115 for displaying a
measuring result.

The measuring device 4115 has correction data accoxrding to
the output characteristics for each production iot, and
subjects an output of the biosensor Z to the correction which
is required for each production lot to obtain a correct blood
sugar level. Theréfore, it is required to insert a correction
chip (not shown here) which is specified for eacﬁ production

lot into the imsertion opening 4116 of the measuring device

4115 before the measurement, thereby designating the required

correction data to the measuring device 4115. The correction
chip has information about the correction data to be used, and
is inserted in the insertion oPéning 4116, whereby the
measuring device 4115 prepares the'fequired correction data.
The correction chip is taken out from the insertion opening
4116, the biosensor % is inserted in the opening 4116 of the
measuring device 4115, and then the substrate included in a

specimen is quantified as described above. The measuring
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device 4115 to which a correction value is inputted as

" described above obtains a correct blood sugar level from a

measured current value and correcﬁi@p data, and displays the
blood sugar level at the display part 4117.

The above-described'conventionai biosensor Z has problems
to be solved.

First, in the biosensor Z, a silver paste,.a carbon paste
or the like is printed on the support by the screen printing
method and laminated to define the aréa of the working
electrode. Accordingly, the area of the working electrode
varies with blurs or sags of various pasﬁes at the printing
process, and it is difficult to make the upiform area of the
working electrode. 1In addition, since the electrode structure
is composed of three layers, i.e., Ag, carbon, and insulating
paste, it is very compiicated and requires an advanced printing
technique. Further, since the electrode part of the biosénsor
Z consists of two electrodes, i.e., ﬁhe working electrode and
the counter electrode, when a quantification'apparatus
connected to the biosensor Z applies a certain voltage between
these two electrodes and an electrical change occurs, it
detects that the specimen has reached the working electrode and
starts measuring. However, it starts the measurement also when
an immeasurably slight amount of specimen covers the working
electrode. Thus, an incorrect display in the measured value

occurs due to the shortage of the specimen quantity. In the
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biosensor Z, it is required to enhance wettability between a
reaction reagent layer and a carbon electrode and improve their
adhesion to increase sensor sensitivity. For that purpose, a

polishing processing or heat proceséing to the electrode

‘surface is conventionally performed after the carbon electrode

is formed. However, this increases man—day, resulting in an
inerease in costs, or variations in polishing processing
accuracy causes variations in the sensor accuracy. Further,
the carbon paste used for the screen printing is genérally a
composite material whiéh is composed of binder resin, graphite,
carbon black, organic solvent and the like, and the pasfe
characteristics are easily changed due to lots of respective
raw materials, manufacturing conditions in paste kneading or
the like. Therefore, it is required a strict control for mass

manufacture of stable sensors, resulting in considerable

~troubles.

Further, only by applying the reagent on electrodes for
the reagent layer formation, the reégent cannot uniformly be
applied on the electrodes because of the surface state of the
electrode or a difference in the way in whieh the reagent
spreads due to reagent liquid composition, whereby variations
in the reagent quantity on the electrodes occur. That is, even
when the same amount of reagent is applied by dripping,
variations in spread of the reagent occur, resulting in

variations in position or area of the reagent layer. Therefore,



the performance of the biosensor Z is deteriorated.

Further, it is considerably troublesome to insert the
correction chip for ever& measurement, and when it is forgotten
to insert the correction chip, a corgection chip for example
for measuring lactic acid value is inserted by mistake, or a
correction chip which is -, for measufj.ng blood sugar level but
has different output characteristics is inserted, there occurs
an error in a measured result.

The present invention is made to solve the above-mentioned

problems, and has for its object to provide a biosensor which

‘can be formed by a simple manufacturing method and has a high

measuring accuracy, a biosensor in which a reagent layer. is
disposed uniformly on electrodes regardless of a reagent liquid
composition, resulting ih an uniform performance, a biosénsor
which enables a meaéuring device to discriminate correction data
for each production lot only by being inserted therein without a
correction chip being inserted, a thin film electrode forming
method for these biosensors, as well as a method and an

apparatus for quantifying using the biosensors.

' DISCLOSURE OF THE INVENTION

According to Claim 1 of the present invention, there is
provided a biosensor for quantifying a substrate included in a
sample liguid comprising: a first insulating support and a

second insulating support; an electrode part comprising at



ieast a working electrode and a counter electrode; a specimen
supply path for introducing the sample liquid to the electrode
part; and a reagent layef employed for quantifying the
substrate included in the sample liQﬁid, and the electrode part,
the specimen supply path, and the réégent layer exist between
the first insulating support and the second insulating support,
the specimen supply path is provided on the electrode part, and
the reagent layer is provided on the electrode part in the
specimen.supply path, respectively, and the electrode part is
dividedly formed by first slits provided on an electrical
conductive layer which is formed on the whole oxr part of an
internal surface of one or both of the first insulating support
~and the second insulating support. |

Since a biosensor is constructed as described above, an
electrode part can be defined easily and with a high accuracy,
and variations in response of each biosensor can be reduced,
resulting in a favorable response. Further; the electrode part
is formed in a monolayer of electrical cdﬁductive layer,
whereby troubles can be reduced and an electrode part with a
smooth surface can be formed by a simple method. Since the
structure of the electrode part is quite simple, it is possible
to easily form biosensors having the same performance.

According to Claim 2 of the present invention, in the
biosensor as defined in Claim 1, the electrode part further

comprises a detecting electrode.
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Since the biosensor is constructed as described above, it
is possible to make the biosensor h;ﬁe.a better accuracy.

According to Claim 3 of the present invention,.in the
‘biosensor as defined in Claim 2, thé-counter electrode is
provided on the whole'pi:part of the internal surface of the
second insulating support, the working electrode and the
detecting electrode are provided on the whole or part of the
internal surface of the first insulaﬁing support, and the
working electrode and the detecting electrode which are
provided on the internal surface of the first insulating
support are dividedly formed by the first slits provided on the
electrical conductive layer. |

Since the biosensor is constructed as described above, it
is possible to downscaie a specimen supply path, whereby a
measurement can be done with a slight amount of specimen.

According to Claim 4 of the present invention, in the
biosensor as define in Claim 1 or 2, the electrode part is
provided on the whole or part of the internal surface of only
’the first insulating sﬁpport, and the electrode part provided
on the internal surface of the first insulating support is
dividedly formed by the fist slité provided on the electrical
conductive layer.

Since the biosensor is consf:ucted as described above, all
of the electrodes are provided on the same surface, and thus

the electrodes are formed only on one surface, resulting in an
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easier manufacture, whereby the manufacturing costs of the
biosensor can be reduced. |

According to Claim 5 of the prééent invention, in the
biosensor as defined in any of Claims 1 to 4, an area of the
counter electrode is equal to or larger than that of the
working electrode. |

Since the biosensor is constructed as described above, an
electron transfer reaction between the counter electrode and
the working electrode iﬁ'prevented to be rate-~determined,
thereby promoting the reaction smoqthly.

According to Claim 6 of the present invention, in the
biosensor as defined in anj of claiﬁs 1 to 4, a total of an
area of the counter electrode and an area of the detecting
electrode is equal to or larger that that of the working
electrode.

Since the biosensor is constructed as described above,
electron transfer reactions between the counter electrode as
well as the detecting glectrode and the wérking electrode are
prevented to be rate-determined, thereby promoting the
reactions smoothly.

‘According to Claim 7 of the present invention, in the
biosensor as defined in Claim 6, the area of the detecting
electrode in the specimen supply path of the biosensor is equal
to the area of the counter electrode.

Since the biosensor is constructed as described above,
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electron transfer reactions between the counter electrode as
well as the detecting electrode and the working electrode are
more reliably prevented to be rate~determined, thereby
prombting the reaétions.smoofhly.

According to Claim 8 of the pré#ent invention, in the
biosensor as defined in any of Claiﬁ; 1 to 7, a spacer is
provided which has a cutout part for forming the specimen
supply path and is placed on the electrode part, and the second
insulating support is placed on the spacer.

Since the biosensor is constructed as described above, the

| position where the spécimen supply path is provided is fixed,

and the second insulating support is placed thereon, thereby
preventing the specimen introduced to the specimen supply path
from leaking from the specimen supply péth. |

According to Claim 9 of the present invention, in the
biosensor as defined in Claim 8, the spacer and the secbnd
insulating support is integral.

Since the biosensor is constructed as described above, the

'spacer and the second insulating support is integral, thereby

to enable a cost reduction and a simple manufacture.

According to Claim 10 of the present invention, in the

" biosensor as defined in any of Claims 1 to 9, an air hole

leading to the specimen supply path is formed.
Since the biosensor is constructed as described above,

excessive air is discharged from the air hole when the specimen



5]

3

13

is introduced to the specimen supply path, thereby reliably
introducing the specimen to the sPeéimen supply path due to the
capillary phenomenon. .

According'to Claim 11 of the ptésent invention, in the
biosensor as defined in any of CIaigs 1 to 10, the reagent
layer is formed by dripping a reageﬁi, and second slits are
provided around a position where the reagent ié dripped.

Since the biosensor is constructed as described above,
when the reagent is dripped on the electrodes for the reagent
layer formation, thereby forming the reagent layer, the reagent
spreads uniformly forming the reagent layer of a prescribed
area at the prescribeﬂ position, whereby the reagent layer free
from variations in the position and-area can be formed,
resulting in a correct measurement free from the variations.

According to Claim 12 of the present invention, in the
biosensor as defined in Claim 11, the second slits are arc
shaped.

Since the biosensor is constructed as described above, the
spread of the reagent is defined by the slits which have the
same shapes as that of the reagent spread, thereby defining the
area and the position of the reagent layer more correctly.

According to Claim 13 of the present invention, in the
biosensor as defined-in'any of Claims 1 to 12, third slits are
provided for dividing the electrical conductive layer to define

an area of the electrode part.
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Since the biosensor is constructed as described above,

when the support is initially cut at the manufacturing process

of the biosensor, the area of each electrode is previously

defined by the third slits, whereby the area 'of each electrode
does not change due to the cut posiﬁion of the support, thereby
preventing variations in the accuraéy.

According to Claim 14 of the present invention, in the
biosensor as defined in Claim 13, shapes of the first
insulating support and the second insﬁlating support are
apprdximately reétangular, and one third slit or two or more
third slits are provided in parallel with one side of the

approximate rectangle shape.

Since the biosensor is coﬁstructed as described above, the
area of each electrode can be defined easily by the third slits,
and the area of each electrode does not change due to
deviations of the cut position when the support is cut,
resulting in no variation in the accuracy.

According to Claim 15 of the present invention, the
biosensor as defined in any of Claims 1 to 14 has information
of correction data generated for each production lot of the
biosensor, which correspond to characteristics concerning
output of an electrical change resulting from a reéction
between the reagent liQuid ahd the reagent layer and can be
discriminated by a measuring device employing the biosensor.

Since the biosensor is constructed as described above, the
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measuring device can discriminate which the correction data is

required, only by inserting the biosensor into the measuring
device, and there is no need for a,#ser to input the

" information about the coirection dafa employing a correction.
chip or the like, thereby removing troubles and preventing
operational errors to obtain a correct result.

According to Claim 16 of the present invention, in the
biosensor as defined in Claim 15, one or plural fourth slits
dividing the electrode part are provided, and the measuring
device can discriminate the information of the correction data
according to positions of the fourth slits.

Since the biosensor is constructed as described above, the
measuring device can discriminate the information of the
correction data by the positions of the fourth slits, the
correction data can be indicated correspondingly to plural
production lots, the measuring device can easily discriminate
which correction data is required, by inserting the biosensor
into the measuring device, whereby there is no operational
trouble, resulting in preventing operational errors to obtain a
correct result. |

According to Claim 17 of the present invention, in the
biosensor as defined in any of Claims 1 to 16; at least omne or
all of the first slits, the second slits, the third slits, and
the fcurth slits are formed by processing the electrical

conductive layer by a laser.
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Since the biosensor is constructed as described above, a
high-accuracy processing is possibiék the area of each
electrode can be defined with a higﬁ}accuracy, and further the

clearance between the respective electrodes can be narrowed,

resulting in a small-size biosensor

According to Claim 17 of the péésent invention, in the
biosensor as defined in Claim 16, a slit width of respective
one of the fist slits, the second slits, the third slits, and
the fourth slits is 0.005 mm to 0.3 mm.

Since the biosensor is constructed as described above, the
clearance between the respective electrodes can be narrowed,
resulting in a small-size biosensor.

According to Claim 19 of the present invention, in the
biosensor as defined in Claims 17 Of:18, a slit depth of
respecfive one of the fist slits, thg second slits, the third
slits, and the fourth slits is equaiito or larger than the
thickness of the electrical conductive layer.

Since the biosensgr is constructed as described above,
there can be obtained a biosensor in which the respective
electrodes are surely separated.

According to Claim 20 of the present invention, in the
biosensor as defined in any of Claims 1 to 19, the reagent
layer includes an enzyme.

Since the biosensor is constructed as described above,

there can be obtained an enzyme biosensor suitable for an
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inspection which employs the enzyme.

Accordiﬁg to Claim 21 of the piesent invention, in the
biosensor as defined in any of Claims 1 to 19, the reagent
layer includes an e;ection transferf;gent.

Since the biosensor is construC§ed as described above,
there can be obtained a biosensor suitable for an inspection
utilizing a reaction of the electron transfer agent.

According to Claim 22 of the present invention; in the
biosensor as defined in any of Claims 1 to 19, the reagent
layer includes a hydrophilic.polymer.

Since the biosensor is constructed as described above,
there can be obtained a high-accuracy biosensor which can
easily form the reagent layer.

According to Claim 23 of the present invention, in the
biosensor as defined in any of Claims 1 to 22, the insulating
support is made of a resin material.

Since the biosensor is constructed as described above, it
is possible to manufacture a lower-cost biosensox.

According to Claim 24 of the present invention, there is
provided a thin film electrode forming method for forming a
thin film electrode on a surface of an insulating support
including: a roughened surface forming step of roughening the
surface of the insulating support by colliding an excited gas
against the surface of the insulating support in a vacuum

atmosphere; and an electrical conductive layer forming step of
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forming the electrical conductive layer as a thin film
electrode which is composed of a conductive substance on the
roughened surface of the insulatinguéupport.

Since the thin film electrode'ié formed as described above,
a preprocessing such as a surface polishing processing is not
required, whereby it is possible to form the thin film
electrode by a simpler method and to form the thin film
electrode with high adhesion between the support an& the
electrode layer.

According to Claim 25 of the present invention, in the
thin film electrode forming method as defined in Claim 24, the
roughed surface forming step comprises: a support placing sfep
of placing the insulating support in a vacuum chamber; an
evacuation step of evacuating the vacuum chamber; a gas filling
step of filling up the vacuum chamber with a gas; and a
colliding step of exciting the gas to be ionized and colliding

the same against the insulating support.

Since the thin film eleqtfode is formed as described above,
it is possible to form the support surface suitable for forming
the thin film electrode more effectively and reliably, thereby
forming the thin film electrode more effectively.

According to Claim 26 of the present invention, in fhe
thin film electrode forming method as defined in Claim 25, a
degree of the vacuum 'in the evacuation step is within a range

of 1X10™! to 3X10™* pascals.
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Since the thin film electréde is formed as described above,
it is possible to form the support surface suitable for forming
the thin film electrode more reliably, thereby forming the thin
film electrode more effectively.

According to Claim 27 of the p?;sent invention, in the
thin film electrode forming method a# defined in Claim 26, the
gas is an inert gas. |

Since the thin film electrode is formed as described above,
the support surface can be made in a state suitable for forming
the thin film electrode without denaturing the support surface.

According to Claim 25 of the present invention, in the
thin film electrode forming method as defined in Claim 27, the
inert gas is either a rare gas of argon, neon, helium, krypton,
and xenon, or nitrogen. |

Since the thin film electrode is formed a§ described above,
there can be formed the thin film electrode more réliably
without denaturing the support surface.

According to Claim 29 of the present invention, in the
thin film electrode forming method as defined in any of Claims
24 to 28, the electrical conductive layer forming step |
comprises: a second support placing step of placing an
insulating support having an already roughened surface, which
has been subjected to the roughened surface forming step, in a
second vacuum chamber; a ;econd evacuation step of evacuating

the second vacuum chamber; a second gas filling step of filling
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up the second vacuum chamber with a second gas; and a step of
exciting the second gas to be ionized and colliding the same
against a conductive substance to béat ouf atoms of the
conductive substances, tb form a fi;ﬁ on the insulating support
héving the already roughened surfécé;

Since the thin f£ilm electrode ishformed as described above,
a preprocessing such as a surface polishing processing is not
required and the thin film electrode with higher adhesion to
the support can be obtained.

According to Claim 30 of the present invention, in the
thin film electrode forming method as defined in any of Claims
24 to 28, the electrical conductive layer forming step
comprises: a second support placing step of placing.an
insulating support having an already roughened surface, which
has been subjected to the roughened surface forming step, in a
second vacuum chamber; a second evacuation step of evacuating
the second vacuum chamber; and a step of heating and
evapdrating a conductive substance to deposit steams as a film
on the insulating support having the already roughened surface.

Since the thin film electrode is formed as described above,
a preprocessing such as a surface polishing processing is not
regquired and the thin film electrode with higher adhesion to
the support can be obtained.

According to Claim 31 of the present inveﬁtion, in the

thin film electrode forming method as defined in Claim 29 or 30,
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a degree of the vacuum in the second evacuation step is within
a range of 1X10™ to 3X104.pascalsr 

Since the thin film electrode ié formed as described above,
there can be more reliably formed thé thin film electrode with
remarkably high adhesion to the support.

Accdrding Lo Claim 32 of the présent invention, in the
thin film electrode forming method as defined in any of Claims
29 to 31, the second gas is an inert gas.

Since the thin film electrode is formed as described above,
‘there can be formed the thin film electrode with high adhesion
to the support without denaturing the support surface and the
thin film electrode itself.

‘According to Claim 33 of the present invention, in the
thin film eléctrode forming method as defined in Claim 32, the
inert gas is either a rare gas of argon, neon, helium, krypton
and xendn, or nitrogen.

Since the thin film electrode is formed as described above,
there can be more reliably formed the thin.film electrode with
high adhesion to the support without denaturing the support
surface and the thin film electrode itself.

According to Claim 34 of the present invention, in the
thin film electrode forming method as defined in any of Claims
29 to 33, the vacuum chamber and the second vacuum chamber is
the'same chamber. |

Since the thin film electrode is formed as described above,
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a facility for forming the thin film electrode can be
simplified and thus the manufacturing cost of the thin film
electrode can be reduced. |

According to claim 35 of the present invention, in the
thin film electrode formihg method'§$ defined in any of Claims
29 to 34, the conductive substance is a noble metal or carbon.

Since the thin film electrode is formed as descrihed-above;
the thin film electrode is composed of not a composite material
but a single substance material, thereby enabling a mass
manufacture of stable electrodes, which is not influenced by
the manufacturing conditions and which has a less difference in
material lots.

According to Claim 36 of the present invention, in the
thin.film electrode forming method as defined in any of Claims
24 to 35, a thickness of a formed thin film electrode is within
a range of 3 nm to 100 nm.

Since the thin film electrode is formed as described above,
the thickness of the electrode caﬂ be thinned as much as
possible, thereby to enhance a production tact as well as
reduce a manufacturing cost due to a reduction of the material
cost.

According to Claim 37 of the present invention, in the
biosensor as defined in any of Claims 1 to 23, the electrical
conductive layer is formed by the thin film electrode fdrming

method as defined in any of Claims 24 to 36.



Since the biosensor is formed as described above, the thin
film electrode reflects unevenness on the support surface which
is processed into a roughened surfa#g, so that the wettability
and adhesiveness between the ele;tréée and the reagent is
enhanced, resulting ih a high performance biosensor.

According to Claim 38 of the pfésent invention, there is
provided a quantification method for quantifying, by employing
the biosensor as defined in any of Claims 1 to 23 and 37, a
substrate included in a sample liquid supplied to the biosensor
comprising: a fist application step of applying a voltage
between the detecting electrode and the counter electrode or
the working electrode; a reagent supplying step of supplying
the sample liquid to the reagent layer; a first change
detecting step of detecting an electrical change occurxring
between the detecting electrode and the counter electrode or
the working electrode by the supply of the sample liquid to the
reagent layer; a second application step of applying a voltage
between the working electrode and the counter electrode as well
as the detecting electrode after the electrical change is
detected in the first change step; and a current measuring step
of measuring a current generated between the working electrode
and the counter electrode as well as the detecting electrode,
to which the voltage is applied in the second application step.

Since the quantification is performed as described above,

the quantification operation is started when the electrical
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'changé occurs between the detecting electrode and the working

electrode or the counter electrode of the biosensor, thereby
preventing measuring errors due to the shortage of the specimen
amount supplied to the reagent 1aye?} resulting in a higher
accuracy measurement. Further, when the measurable amount of
specimen is supplied to the reagent iayer, the measurement is
performed by hsing the detecting electrode also as the counter
electrode, thereby making the area of the electrode part
smaller, and thus a quantitative analysis based on a slight
amount of specimen can be per’férmed correctly.

IAccording to Claim 39 of the present invention, there is
provided a quantification method for quantifying, by employing
the biosensor as defined in any of Claims 1 to 23 and 37, a
substrate included in a sample liquid supplied to the biosensor
comprising: a third application step of applying a voltage
between the detecting electrode and the counter electrode or
the working electrode as well as between the working electrode
and the counter electrode; a reagent supplying step of
supplying the sample liquid to the reagent layer; a first
change detecting step of detecting an electrical change
occurring between the'detecting electrode and the counter
electrode or the working electrode by the supply of the sample
- liquid to the reagent layver; a second change detecting step of
- detecting an electrical change occurring between the working

electrode and the counter electrode by the supply of the sample
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liquid to the reagent layer; a second application step of

et

applying a voltage between the working electrode and the
counter electrode as well as the detecting electrode after the
.electrical changes are detected in the first change detecting
step and the second change detecting.step; and a current
measuring step of measufing a currépt generated between the
working electrode and the counter electrode as well as the
detecting electrode, to which the voltage is applied in the

- second application step.

Since the quantification is performed as described above,
the quantification operation is started when the electrical
change octurs between the detecting electrode and the working
electrode or the counter electrode of the biosensor, thereby
preventing measuring errors due to the shortage of the specimen
amount supplied to the reagent layer, resulting in a higher
accuracy measuremept. Further, when the measurable amount of
specimen is supplied to the reagent layer, the measurement is
performed by using the detecting electrode also as the counter
electrode, thereby making the area of the eléctrode part
smaller, and thus quantitative analysis based on a slight
amount of specimen can be performed correctly.

According to Claim 40 of the present invention, in the
quantification method as defined in Claim 38 or 39, the second
| change detecting step is followed by a no-change informing sﬁep

of informing a user that no change occurs when it 1is detected
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that no electrical change occurs between the detecting
electrode and the counter electrode or the working electrode
for a prescribed period of time.

Since the quanlLification is pe?ﬁormed as described above, .
it is possible to inform a user that there is a shortage of the
.Specimen amount supplied to the reé&ént lgyer of the biosensor,
resulting in the quantification method with enhanced
convenience and safety.

According to Claim 41 of the present invention, there is
provided a quantificatibn apparatus, to which the biosensor as
defined in any of Claims 1 to 23 and 37 is detachably connected
and which quantifies a substrate included in a sample ligquid
supplied to the biosensor comprising: a first current/voltage
conversion circuit fox converting'a current from the working
electrode included in fhe biosensor into a voltage; a first'A/D
conversion circuit for digitally converting the voltage from
the current/voltage conversion circuit; a first switch provided
between the counter electrode included in the biosensor and the
ground; and a control part for controlling the fist A/D
conversion circuit and‘the first switch, and the control part
applies a voltage between the detecting electrode and the
working electrode in a state where the first switch is
insulated from the counter electrode, detects an electrical
change between the detecting electrode and the working

electrode occurring by the sample liguid which is supplied to
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. the reagent layer on the specimen supply path, thereafter

applies a voltage between the working electrode and the counter
electrode as well as fhe detecting electrode in a state where
the first switch is connected to the[counter electrode, and

- measures a response current generated by applying the voltage.

Since the quantification apparefus is constructed as
described above, measuring errors.due to the shortage of the
specimen amount supplied to the reagent layer of the specimen
suppiy path are prevented, resulting in a higher accuracy
measurement. Further, the detecting electrode of the biosensor
is used aiso as the counter electrode at the meauring, so that
the specimen supply path can be downsceled, thereby to perform
a quantitative analysis of a slight amount of specimen
correctly.

According to Claim 42 of the present invention, there is
provided a quéntification apparatus, to which the biosensor as
defined in any of Claims 1 to 23 and 37 is detachably connected
and which quantifies a substrate included in a sample liquid
supplied to the biosensor comprising: a firft current/voltage
conversion circuit for converting a current from the working
electrode included in the biosensor into a voltage; a second
current/voltage conversion circuit for converting a current
from the detecting electrode included in the biosensor into a
voltage; a first A/D conversion circuit for digitally

converting the voltage from the first current/voltage
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conversion ecircuit; a second A/D conversion circuit for

digitally converting the voltage from the second
current/voltage conversion circuit; a first selector switch for
switching the connection of the detecting electrode of the
biosensor to the first-current/voltage conversion circuit or
the ground; and a control part for controlling the fist A/D
conversion circuit, the second A/D conversion c¢ircuit, and the
"first selector switch, and the control part applies é voltage
between the detecting electrode and the counter electrode as
well as between the working electrode and the counter electrode
in a state where the first selector switch is connected to the
first current/voltage conversion circuit, detects an electrical
change between the detecting electrode and the work%pg
electrode as well as an electrical change between the working
electrode and the counter electrode, respectively, occurring by
the sample liquid which is supplied to the reaéent layer
provided on the specimen supply path, thereafter comnects the
first selector switch to the gfound, applies a voltage between
the working electrode and the counter electrode as well as the
detecting electrode, and measures a response current generated
by applying the voltage.

| Since éhe quantification apparatus is constructed as
described above, measuring errors due to thé shortage of the
specimen amount supplied to the reagent layer of the specimen

supply path are prevented, resulting in a higher accuracy
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measurement. Further, the detecting electrode of the bioseﬁsor
is used also as the counter electrode at the measuring, so that
‘the specimen supply_path can be downscaled, thereby to perform
a quantitative analysis of a slight amount of specimen
correctly.

According to Claim 43 of the pégsent invention, the
_quantification apparatus as defined in Claim 42 comprises: a
second selector switch for switching the connection of the
working electrode of the biosensor to the second
current/voitage conversion circuit or the ground, and the
control part applies a voliage between the detecting electrode
and the counter electrode as well as between the working
electrode and the counter electrode in a state wherce the first
selector switch is connected to the first current/voltage
conversion circuit and the second selecﬁor switch is connected
to the second current/voltage conversion circuit, respectively,
connects the second selector switch to the ground when
detecting an electrical change between the working electrode
and the counter electrode, occurring by the Sample liguid which
is supplied to the reagent layer.provided on the specimen
supply path, and when thereafter detecting én electrical change
between the detecting electrode and the working electrode, in a
state where the second selector switch is connected to the
second current/voltage conversion circuit and the first

selector switch is connected to the ground, applies a voltage
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between the working electrode and the counter electrode as well
as the detéctin§ electrode, and meaéures a response current
generated by applying the voltage.'_7

Since the guantification apparétus is constructed as
described above, measuring errors due to the shortage of the
specimen amount supplied to the reégént layer of the specimen
supply path are prevented, resulting in a higher accuracy
measurement. FPurther, the detecting electrode of the biosensor
is used also as the counter electrode at the measuring, so that
the specimen supply path can be downscaled, thereby to perform
a quantitative analysis of alslight amount of specimen
correctly.

According to Claim 44 of the present invention, the
quantification apparatus as defined in Claim 42 or 43
comprising an informing means for informing a user that no
change oédurs, when the sample liquid is supplied to the
reagent layer of the specimen supply.path, and the control part
detects that an electrical change occurs between the working
electrode and the counter electrode but no electrical change
occurs between the detecting electrode and the working
electrode or the counter electrode.

Since the quantification apparatus is constructed as
described above, it is possible to inform a user of the
shortage of the specimen amount supplied to the reagent layer

of the specimen supply path'of the biosensor, resﬁlting_in the
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quantification apparatﬁs with enhanced convenience and safety.

BRIEF DESCRIPTION OF DRAWINGS

Figures 1 are exploded pérspegtive views of a biosensor
according to a first and a fifth embodiments.

Figures'z are diagrams exemplifying how an electrode part
is provided.

Figures 3 are exploded perspective views of a biosensor
according to a second embodiment.

Figure 4 is a diagram illustrating a specimen supply path
of the biosensor according to the second embodiment.

Figure 5 is a top view illustrating a state where slits
. are formed in an electrical conductive layer of a biosensor
according to a third embodiment.

Figures 6 are diagrams illustrating individual wafers of
the biosensor according to the thifd embodiment.

Figure 7 is an exploded perspecfive view of the biosensor
according to the third embodiment.

Figures 8 are diagrams illustrating a state of electrodes
of the biosensor according to the third embodiment.

Figures 9 are exploded peispective views of a biosensor
according to a fourth embodiment.

Figures 10 are diagrams exemplifying a formation of second
glits in the biosensor according to the fourth embodiment.

Figure 11 is a schematic diagram showing the concept of a
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hioéensor which is formed in a fifth embodiment.

Figure 12 is a schematic diagraﬁ'sﬁowing the concept of an
: apparatus for forming a thin film eléctrode in the fifth
embodiment.

Figure 13 is a diagram illustrating structures of a
biosensor and a quantification apparétus according to a sixth
embodiment.

Figure 14 is a diagram illustxating another structures of
. the biosensor and the quantification apparatus according to the
sixth embodiment.

Figure 15 is an .enlarged view of a specimen supply path of
the biosensor according to the first embodiment.

Figure 16 is a diagram illustrating structures of a
bioéensor and a quantification apparatus according to a séventh

" embodiment.

Figure 17 is a diagram illustrating structures of a
biosensor and a quantification apparatus according to an eighth
eﬁbodiment.

Figure 18 is a diagram illustrating changes in wettability
index (surface tension) of a support surface aﬁd an adhesion
between an electrode layer and the support.

Figure 19 is a diagram illustiating a relationship between
a thickness of a palladium thin film and the wettébility index
(surface tension) of the electrode surface.

Figure 20 is a diagram in which sensor sensitivities in a
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- blood glucose concéntration of 40-600 mg/dl are compared.

Figures 21 are exploded perspective views of a
conventional biosensor.

Figure 22 is a diagram illustraﬁing a state where a
biosensor is inserted in a measuring device.

Figure 23 is a top view illustrating a state where slits
are formed in the electrical conductive layer which is provided
on a sensor wafer according to the third embodiment.

Figures 24 are top views illustrating states of electrodes
of a biosensor in a manufacturing method according to the third
embodiment. |

Figure 25 is a diagram illustrating the concept of a

cross-sectional structure of a conventional biosensor.

BEST MODE TO EXECUTE THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the figures. The embodiments which
are described here are herely examples, and the pfesent
invention is not necessarily restricted thereto.

(Embodiment 1)

A biosensor A as defined in Claims 1 to 10 of the present
invention will be described as a first embodiment with
reference to the figurés.

Figures 1(a) to 1(c) are exploded perspective views of fhe

biosensor A according to the first embodiment of the present
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invention.

First, members constituting the biosensor A will be
described. |

Numeral 1 denotes a first insulating support (hereinafter,
referred to as merely "support”)'cdméosed of polyethylene
terephthalate or the like. Numeral 2 denotes a conductive
layer which is formed on'the whole surface of the support 1 and
composed of an electrical conductive material such as a noble
metal, for example gold or palladium, and carbon. Numerals 3a
and 3b denote slits which are provided on the conductivé layer
2 on the support 1 and are parallel to the side of the support
1. Numerals 4a and 4b denote slits which_are provided on the
conductive layer 2 on the support 1 and are vertical_tb the
side of the support 1. Numerals 5, 6, and 7 denote a working
electrode, a counter electrode, and a detecting electrode,
which are formed by dividing the conductive layer 2 by the
slits 3a and 3b, as well as 4a and 4b. Numeral 8 denotes a
spacer which covers the working electrode 5, the.counter
electrode 6, and the detecting electrode 7 on the support 1.
Numeral 9 denotes a recéangular cutout part provided in the
middle of an entering edge part of the spacer 8 to form a
specimen supply path. Numeral 9a denotes.an inlet of the
specimen supply path, numeral 10 denotes a longitudinal width
of the cntout part 9 of the spacer 8, and numeral 11 denotes an

clearance between the two slits 4a and 4b which are provided on
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the conductive layer 2. Numeral 12 denotes a reagent layer
which is formed by applying a reagent including eﬂzyme or the
like to the working electrode 5, the counter electrode 6, apd
the detecting electrode 7 which are exposed from the cutout
part 9 of the spacer 8. Numeral 13 denotes a cover (second
insulating support) for covering the spacer 8, an&'numeral 13a
denotes an air hole provided in the middle of the cover 13.

A method for manufacturing the so-constructed biosensor A
will be described with reference to figures. |

First, as shown in figure 1l(a), an electrical conductive
material such as a noble metal, for example gold or palladium,
“and carbon is subjected to the screen printing method, a
sputtering evaporating method or the like, thereby to form the
conductive layer 2 on_the whole surface of the support 1.

Next, as shown in figure 1(b), two slits 3a and 3b
parallel to the side of the support 1 as well as two slits 4a
and 4b vertical to the slits 3a and 3b are formed on the
conductive layer 2 which is formed on the support 1 by
employing a laser, to divide into the counter electrode 6, the
working electrode 5, and the deteéting electrode 7. At this
time, the slits 4a and 4b are provided so that an interval
between a tip of the support 1 and the slit 4a is equivalent to
or larger than the interval 11 between the two slits 4a and 4b.

As another manufacturing method for providing the three

electrodes on the support 1, it is also possible to use a
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printing plate, a masking plate or ﬁhe like (not shown here) in
which a pattern required to form the conductive layer 2 having
parallel two slits 3a and 3b is previously arranged when an
electrical conductive material or thg like is formed on the
support 1 by the screen printing me%ﬁod, sputtering evaporating
method or the like, and thereafter,ﬁ#e the laser to the
conductive layer 2 which is formed on the support 1 to provide
the slits 4a and 4b,.to divide into the working electrode 5,
counter electrode 6, and ﬁhe detecting electrode 7,'whereby it
is possible to form electrode parts. Further, it is also
conceivable to apply a method in which a printing plate, a
masking plate or the like in which a pattern required to form
the  conductive layer 2 having two slits 3a and 3b parallel to
the side of the support 1 and two slits 4a and 4b vertical
thereto is previously arranged is used, and an electrical
conductive material or the like is formed on the support 1 by
the screen printihg method, sputtering evaporating method or
the like, to form the working eiectrode 5, the counter
electrode 6, and the detecting electrode 7. A preferred thin
film electrode forming method for forming an elcctrical
conductive layer of the biosensor A will be described in more
detail in another embodiment.

Though the electrode part comprises the working electrode
5, the counter electrode 6 and the detecting electrode 7, the-

electrode part may comprise at least the working electrode 5
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and the counter electrode 6. However, in order to perform a
reliable measurement, it is éreferable that the biosensor
comprises the detecting electrode 7}tsince in this case a
preferable biosensor, that is, a bi@éénsor which is capable of
performing a reliable measurement ééﬁ be obtained.

Then, as shown in figure 1(c),¥; reagent is applied to the
working electrode 5, the counfer electrode 6, and the detecting
electrode 7 as the electrode part formed on the support 1 to
form a reagent layer 12, and the spacer 8 having the cutout
part 9 for forming the specimen suppiy path is provided on the
reagent layer 12. Then} the cover 13 is provided Lhereon.
Here, one end of the cutout part 9 of the spacer 8 leads to the
air hole 13a provided in the cover 13.  The arrangement of the
working electrode 5, the coﬁnter electrodé 6, and the detecting
electrode 7 which are formed on £he support 1 is such that the
counter electrode 6 is bositioned at a position nearest to the
inlet 9a of the specimen supply path, and the working electrode
5 and the detecting electrode 7 are positioned in the inner
part therefrom. Respective areas of the working electrode 3,
the counter electrode 6 and the detecting electrode 7 in the
specimen supply path afe defined by an area of the cutout part
9 of the spacer 8 and the interval 11 between the slits 4a and
4b. In the first embodiment, the slits 4a and 4b are provided
so that the interval from a sensor tip to the slit 4a is

equivalent to or larger than the interval 11 between the two
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slits 4a and 4b, and thﬁs the area of the counter electrode 6
is equivalent to or larger than the area of the working
electrode 5 in the speciﬁen supply_p;th.

Though the conductive layer 2 ié formed on the whole
surface of the support 1, it is als@?possible to form the
conductive layer 2 not on the wholeaéurface of the support 1
"but on a part ﬁhich is required for forming the electrode part.
This will be described helow.

Figure 2(a) is a schematic Aiagram illustrating how the
electrodes of the above-described biosensor A are provided.
Here, the coﬁductive layer 2 required for forming the electrode
part is providéd only on the internal surface of the support 1,
and the conductive layer 2 is not provided on the internal
surface of the cover 13. The electrode part provided on the
internal surface of the support 1 is divided into the counter
electrode 6, the working electrode 5 and the detecfing
electrode 7 by the slits 3a, 3b, 4a and 4b being provided.

Oon the other hand, a method is also conceivable which
provides the conductive layer 2 not only on the internal
surface of the support 1 but also on the internal surface of
the cover 13. An example of this case will be described
briefly with reference to figures 2(b) and 2(c). Figure 2(b)
illustrates a case where the conductive layer 2 provided on the
internal surface of the cover 13 is taken as the counter

electrode 6 as it is, and the conductive layer 2 provided on
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the internal surface of the support 1 is taken as the working
electrode 5 and the detecting electfqde 7 by the slits 3a, 3b,
4a and 4b. Though the conductive layer 2 is provided on the
whole internal surface of the suppd££ 1, Lhere is no need to
use an unnécéssary ﬁart as an electibde. That is, the
conductive layer 2 is provided on the whole internal surface of
the support 1 because in a process for providing the cqnductive
layer 2, it is easier to provide the conductive layer 2 on the
whole surface than in the case where the conductive layer 2 is
provided on é part of the intermal surface of the support 1. A
hatching indicating the conductive layer 2 on the whole of the
internal surface of the support 1 is shown in the figure, but
there is no need to use all of this as the electrode. Figure
2(c) schematically illustrates a case where the counter
electrode 6 is provided on the internal surface of the cover 13,
and the working electrode 5 and the detecting electrode 7 are
provided on the internal surface oflﬁhe support 1 as in figqure
2(b), while the way in which the slits are provided on the
support 1 is different from that shown in figure 2(b). That is,
in figuie 2(c), the slit 4a is omitted as compared with figure
2(b), while in this case it is required that the area of the
counter electrode 6 is equivalent to or larger than the area of
the working electrode 5 in the specimen supply path. When the
number of slits provided on the support 1 is decreased as

described above, the manufacture can be made more easily.
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Further, since the working electrode 5 is located at a position
opposed to the counter electrode 6 in figure 2(c), the length
of the specimen supply path is'decteased to reduce the size,
-thereby enéhling a measurement baséd on a trace quantity of

specimen.

While in the embodiment 1 the:&ivision of the working
electrode S, the counter electrode 6, and the detecting
electrode 7 is performed by employing the laser, it is also
possible that a part of the conductive iayer 2 is cut away by a
jig with a sharp tip of the like, thereby to construct the
electrode part. Further, while the screen printing melhod and
the sputtering evaporating method are employed as the electrode
part formation methods, the electrode part formation methods
are not restricted to these methods.

As described abbve, acéording;tb the biosensor in the
first embodiment of the present invéhtion, the slits 3a, 3b, 4a
and 4b are provided in the conductive layer 2 on the support 1,
and the spacer 8 having the cutout part 9 is placed thereon, to
define the respective electrode areas of the working electrodéﬂ
5, the counter electrode 6 and the detecting electrode 7 on the
specimen supply path easily and with a high accuracy.
Therefore, variation in response characteristics of respective
biosensors can be reduced, thereby realizing a high-accuracy
biosensor. Moreover, since in the present invention the

electrode part is formed in a monolayer with an electrical
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" conductive material such as noble metal for example gold or
palladium and carbon as the material, -it take no trouble of
successively printing an& laminatingia silver paste, a carbon
paste and the like on tﬁe support 1 §5 in the prior art,
whereby it is possible to form theiéiectrode part with a smooth
surface by a simple method. Furiﬁéf, since the slits 4a and
4b are formed on the conductive layer 2 which is provided on
the support 1 by the laser, it is possible to define the area
of each electrode with a higher accuracy. The clearance
between the respective electrodes can be considerably reduced
to downsize the specimen supply'path, thereby enabling the
measurement based on a trace quantity of specimen while this
could not bé measured conventionally._ Further, since the
structures of the electrodes are very simple, a biosensor
having the same performance can be easily formed.
(Embodiment 2)

A biosensor B according to Claims 11 and 12 of the present
invention will be described as a second embodiment.

Figures 3 are perspective views illustrating the biosensor
B in the order of the manufacturing process, and figure 4 is a
diagram illustrating a specimen supply path of the biosensor B.

First, the structure'of the biosensor B will be described.

Numeral 21 denotes an insulating support which is composed
of polyethylene terephthalate or the like. Numeral 22 denotes

an electrical conductive layer which is formed on the whole
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surface of the support 21 and is composed of an electrical
co_nductive material such as noble metal, for example gold or
palladium, and carbon. Numerals 23a, 23b, 23c and 23d denote
first slits which are provided on thé electrical conductive
layer 22. Numerals 25, 26 and 27 denote electrodes which are
formed by dividing the eiectrical cohductive layer 22 by the
first slits 23a, 23b, 23c and 23d, i.e., a workiné electrode, a
¢counter electrdde, and a detecting electrode as an electrode
for confirming whether a specimen is certainly drawn inside a
specimen supply path. Numerals 24a and 24b denote second slits
which define positions and areas on the electrodes where a
reagent is applied. Numeral 28 denotes a spacer which covers
the working electrode 25, the counter electrode 26, and the
detecting electrode 27. Numeral 29 denotes a rectangular
cutout part which is provided.in the middle of an entering edge
part of the spacer 28 to form a specimen supply path. Numeral
30 denotes an inlet of the specimen supply path. Numeral 14
denotes a reagent layer which is formed by applying a reagent
including enzyme or the like to the working electrode 25, the
counter electrodec 26 and the detecting electrode 27 by dripping.
Numeral 15 denotes a cover for covering the spacer 28. Numeral
16 denotes an air hole provided in the middle of the cover 15.

Next, a method for manufacturing the so-constructed
biosensor B will be described.

As shown in figure 3(a), the electrical conductive layer
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22 of a thin film of noble metal such as gold and palladium is
formed over the whole of the support 21 by the spﬁttering
method which is a method for forming a thin film. it is
possible to form the electrical conductive layer 22 not on the
 who1e surface of the support 21 butﬁ§n only a part which is

- required for forming the electrodes:a

Then, as shown in figuie 3(b), the first slits'23a, 23b,
23c and 23d are formed on the electrical conductive layer 22 by
employipg the laser, to divide the electrical conductive layer
22 into the working electrode 25, the counter électrode 26 and
the detecting electrode 27. Further, by eméldying the laser,
the arc-shaped secoﬁd slits 24a and 24b are formed on the
 electrical conductive layer 22 around a position where a
reagent is dripped so as to surround the position.

Like in the first embodiment, the electrodes, the first
slits 23a, 23b, 23c, and 23d, and the second slits 24a and 24b
may Ee formed on the support 21 by the screen printing method,
the sputtering method or the like, which employs a printing
plate, a masking plate or the like, in which a pattern required
for forming the electrical conductive layer 22 having the first
"slits 23a, 33b, 23¢ and 234 and the second slits 24a and 24b is
previously arranged. Or, a part of the electrical conduction
part 22 can be cut away by a jig with a sharp tip.

Then, as shown.in figure 3(c), for example in case of a

bloocd sugar sensor, a reagent which is composed of glucose
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oxidase as enzyme, potassium ferricyénide as an electxron
transfer agent and the like is drippgd and applied to the
working electrode 25, the counter eiéctrode 26, and the
detecting electrode 27. Since tne_ﬁgrt where the reagent is
applied is a bqsition which is surraﬁnded by the second slits
24a and 24b, the second slits 24a ahé 24b can be used as marks
of a place where the reagent is applied.' Fﬁrfher, since the
applied reagent is a liquid, it spreads out imn a circular form
taking a point where the reagent is applied by,dripping as a
center, but the second slits 24a and 24b serve as breakwaters
and dgtine the position and areé of the reagent layer 14 so
that the reagent is prevented from spreading.across the second
slits 24a and 24b. Therefore, the reagent layer 14 is formed
at a prescribed position in a prescribed area.

Next, the spacer 28 having the cutout part 29 for forming
the specimen supply path is placed on the electrodes, i.é., the
working electrode 25, the counter electrdde 26, aﬁd the
- detecting electrode 27. The specimen supply path lies in a
state as shown in figure 4.

The cover 15 is provided on the spacer 28. One end of the
cutout part 29 of the spacer 28 leads to the air hole 16 which
is provided in the cover 15. |

It is also possible to form the spacer 28 on the
electrodes of the working electrode 25, the counter electrode

26, and the detecting electrode 27; and thereafter drip a



reagent on a part of the workiné electrode 25, the countér
electrode 26 and the detecting electiode 27, which is exposed
from the cutout part 29, thereby to form the reagent layer 14.
According to this structure, when blood is supplied to the
inlet 30 of the specimen supply path as a sample liquid which
is a specimen, a certain amount of spec1men is drawn into the
specimen supply path due to capillary phenomenon by the air -
hole 16 and reaches the counter electrode 16, the working
electrode 25 and the detecting electrode 27. The reagent layer
14 formed on the electrodes is dissolved by blood as the
-specimen, and an oxidation-reduction reaction occurs between
the reagent and specific components in the specimen. Here,
when the specimen fills the specimen. supply path properly, an
electrical change occurs bétween thg:counter electrode 26 and
the detecting electrode 27. Thereby, it is confirmed that the
specimen is drawn as far as the detecting electrode 27. The
electrical change also'occurs between the wo:kinq electrode 25
and the detecting electrode 27, whereby it is also possible to
confirm that the specimen is drawn as far as the detecting
electrode 27. The reaction between the specimen and the
reagent is promoted for a prescribed period of time after the
specimen is drawn as far as the detecting electrode 27, and
thereafter a prescribed voltage is applied to the working
~electrode 25 and the counter electrode 26 or between the

counter electrode 26 and the detecting electrode 27. Since it
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is a blood sugar sensor, a cuirent proporfional to a glucose
concentration is generated, and a blood sugar level can be
measured by its value.

While in the second embodimenﬁiﬁhe.blood sugar sensor is
described as an example, it can be ﬁ#ed as a biosensor other
than the blood sugar sehsor, by chahéing the components of the
reagent 14 and the specimén. In addition, though the biosensor
- B which has the three éiectrodes is described in the second
embodiment, the numbet of the electrodes may not be three.
Further, while the second slits 24a and 24b are arc shaped, the
shapes are not restricted to this shape as long as they can
define the position and the area of the reagent layer and do
not reduce the accuracy'of the electrodes. For example, the
slits may be straight lines or hook shaped.

As described above, the biosensor B according to the
second embodiment is a biosensor for quantitying a substrate
included in the sample liquid, which comprises an insulating
support, plural electrodes which are formed by first slits |
provided on the electrical conductive layer formed on the whole
or part of the surface of the insulating support, arc-shaped
second slits provided in the electrical conductive layer to
define the position and the area where the reagent is to bé |
applied, a spacer having a cutout part which is ptovided on the
electrodes-to form a specimen supply path for supplying the

sample liquid to the working electrode, a reagent léyer
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including enzyme provided on the.eiéctrodes in the speéimen
supply path, and a cover which is provided on the spacer and
has an air hole leading to the speéimen supply path, and
defines the spread of the applied réégent by the second slits.
Therefore, when the reagent is appyiéd on the electrodes for
forming the reagent layer, the reagé;t spreads uniformly, and a
reagent layer which is free from variations in the.position and
area is formed, resulting in an accurate measurement which is
free from variationé when the specimen is measured.

(Embodiment 3)

A specific method for manufacturing the éhove-described
biosenso:s A and B will be further described. Here, the
biosensors A and B are assumed a biosensor X collectively.

Figure 23 is a top view illustrating a state where the
slits are formed on an electrical conductive layer provided on
a surface.of a sensor wafer P as a basis of the biosensor X.

Numeral 3102 denotes an electrical conductive layer
composed of carbon, a metal material or the like, which is
provided on the whole surface of a support 3101. Numerals
3103a, 3103b, 3103c and 3103d denote slits which are formed on
the electrical conductive layer 3102. Numerals 3105, 3106 and
2107 denote electrodes which are formed by dividing the
electrical conductive layer 3102 by the slits 3103a, 3103),
3103¢ and 3103d, i.e., a working electrode, a counter electrode

and a detecting electrode. Numeral 3110 denotes a cutting
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plane line showing a cutting positién of the support. The
sensor wafer P is a support in a state where the electrical
conductive layer 3102 is formed on tﬁe support, and the
electrical conductive layer 3102‘is;§ivided by the slits 3103a,
3103b, 3103c¢ and 3103d to form elecf?odes of plural biosensors
X, X, ---, that is, the working eleéirodes 3105, the counter
electrodes 3106, and the detecting electrodes 3107.

A manufacture of the biosensor X by employing the so-
constructed sensor wafer P will be described with reference to
figureg.

First, the électrical conductive layer 3102 is formed on
the whole surface of the band support 3101 by the sputtering
method as a mgthod for forming a thin_film.

Next, as shown in figure 23, the slits 3103a, 3103b, 3103c
and 3103d are formed by employing the laser in an area where
each individual wafer Q of the electrical conductive layer 3102
formed on the support 3101 is formed, to divide the electrical
conductive layer 3102 into the working electrode 3105, the
counter electrode 3106, and the detecting electrode 3107, and
the electrodes of plﬁral biosensors X are formed in a row,
thereby to form the sensor wafer P; Then, the electrodes of
plural biosensors X which are formed in this process are cut on
the cuttiné plane line 3110, and a reagent layer, a spacer and
a cover (not shown here) are laminated on the electrodes of the

biosensor X obtained by the cutting, thereby to form an
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individual biosensor.

However, the so-formed biosensdr X has a problem in that
when the plural biosensors are to hé cut into individual
-biosensors, there are some cases whére the cutting cannot be
performed on the cutting plane lines, resulting in deviations
from the cutting ﬁlane lines 3110. 'ﬁhis will be described in
more detail. Figure 24(a) is a diagram illustratihg states of
the electrodes in a case where the cutting is correctly
performed. Figure 24(b) is a diagram illustrating states of
the electrodes when the cutting position is deviated toward
left from the cutting plane line 3110. Figure 24(c) is a
diagram illustrating”stétes of the.electrbdes when the cﬁtting
position is deviated toward right from the cutting planc line
3110; Since the areas of the working eléctrdde 3105 and the
counter electrode 3106 are decided by the cutting position of
the individual wafer Q, changes in the areas of the working
electrode 3165 and the counter electrode 3106 occur when the
cutting position is deviated from the cutting plane line 3110
as shown in the figures, resulting in variations in resistance
values of the respective electrodes. Therefore, values of
currents flowing the electrodes change, wherebf'the accuracy of
the biosensor X get worse.

Here, a biosensor C according to Claims 13 and 14 of the
present inveﬁtion, which has for its object to solve this

problem will be described as a third embodiment.
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Figure 5 is a top view illustrating a state where slits
are formed on an electrical conductiye layef which is provided
on a surface of a sensor wafer R asj? basis of the biosensor C.
Figures 6 are diagrams illustrétinéf;n individual wafer s_of'
the biosensor C. Figure 7 is é peruéective view illustrating a
manufacturing process'o£ the biosengbr C. Figure 8 is a top
view illustrating states of electrodes of the biosensor C.

Initially, component of the biosensor C will be described.

Numeral 41 denotes an insulating support which is composed
of.pclyethylene terephthalate and the like. Numeral 42 denotes
an electrical conductive layer which is formed on the whole
surface of the support 41 and composed of an electrical
conductive material such as noble metal, for example gold or.
palladium, and carbon. Numerals 43a, 43b, 43¢ and 434 denote
first slits which are provided on tﬁe electrical conductive
layer 42. DNumerals 45, .46, and 47 denote electrodes which are
formed by dividing the.electrical conductive layer 42 by the
first slits 43a, 43b, 43c and 43d, i.e., a working electrode, a
counter electrode, and a detecting electrode as an electrode
for confirming whethecr a specimen is.surely drawn into a
specimen supply péth. Nﬁmeral 50 denotes a cutting plane line
as a position where the support is cut. Numerals 44a and 44b
denote third slits for defining the areas of the electrodes.
Numeral 48 denotes a spacer which covers the working electrode

45, the counter electrode 46 and the detecting electrode 47.
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Numeral 49 denotes a rectangqular cuiout part whiéh is provided
in the middle of an entéring edge pgrt of the spacer 28 to form
a specimen supply path.  Numera1 Sl;denotes a reagent layer
which is formed by applying a reageﬁ% including enzyme to the
working electrode 45, the counter éi;ctrode 46 and the
detecting electrode 47. ‘Numeral SZgienotes a cover for
covering the spacer 48. Numeral 53 denotes an air hole which
is provided in the middle of the cover 52. The sensor wafer R
is a support in a state where the electrical conductive layer
42 i§ formed in the support 41, and the electrical conductive
layer 42 is divided by'tne.first slits 43a, 43b, 43c and 43d as
well as the third slits 44a and 44b to form electrodes of
plural biosensors, that is, the working electrode 45, the
counter electrode 46 and the aetecting electrode 47. Further,
an individual wafer S represents a state of each biosensor of
the sensor wafer R.

A method for manufacturing the biosensor C will be
described in the order of process.

Fist, the electrical conductive layer 42 is formed with a
thin £ilm of noble metal such as gold and palladium, over the
whole band support 41 bf the sputtefing method.

Next, as shown in figure 5, the first slits 43a, 43b, 43c
and 43d are formed by employing the laser in.an area where each
individual wafer S of the electrical conductive layer 42 formed

on the support 41 is formed, to divide the electrical
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conductive 1ayerh4§ into the workiﬂﬁ”eléctrode 45, the counter
electrode 46, and the defecting elgéfrode 47. Further, the
third slit 44a on the right of the flrst slit 43a, and the
"third slit 44b on the le%t of the fi;st slit 43b are formed by
employing the laser at pésitions wﬁiéh are parallel to
_1ongitudinal sides of eaéh biosensdf“after being cut and make
the working electrode 45 and the counter electrode 46 have
prescribéd areas, théreby forming plural individual wafers S.
Fiéure 6(a) is a top view of the individual wafer S. Figure
6(b) is a front view of the individual wafer S.

The electrical conductive 1aYer 43 may be provided on the
support 41 by the.screen printing method, the sputtéring method
or the like, which employs a printing plate, A masking plate or
the like in which a pattern required for forming the electrical
conductive layer 42 having the first slits 43a, 33b, 43c and
43d as well as the third slits 44a'§ﬁd 44b is previously
arranged, to form the first slits 43a, 43b, 43c and 43d as well
as the third slits 44a and 44b. Or, these slits can be formed
by cutting away a part of the electrical conduction part 42 by
a jig with a sharp chip or the like.

Then, as shown in figqure 7, for each wafer S, for example
in the case of a blood sugar sensor, a reagent composed of
glucose oxidase as enzyme, potassium ferricyanide as an
electron transfer agent and the like is applied to the

electrodes, i.e., the working electrode 45, the counter



electrode 46 and the detecting eledtrode 47, to form the
reagent layer 51. :

Next, the spacer 4é:having thé.éutout part 49 for forming
the specimen supply pétﬁ'is providééibn the electrodes, i.e.,
the working electrode 45; thé counilélelectrode 46'and the
detecting electrode 47.;f

The cover 52 is provided on tﬂe spacer 48. One end of the
cutout part 49 of the spacer 48 leads to the air hole 53
provided in the cover 52.

It is also possible to form the spacer 48 on the
electrodes, i.e., the working electrode 45, the counter
electrode 46 and the detecting electrode 47, and thereafter
apply a reagent on parts of the working electrode 45, the
counter electrode 46 and the detecting electrode 47, which are
exposed from the cutout part 49, theréby to form the reagent
layer 51.

Then, plural biosehsors which ére formed by the above-
described process are cut on the cutting plane lines 50 to form
individual biosensors. |

Figure 8(a) is a diagram illustrating states of the
electrodes when the cutting position is deviated toward left
from the cutting plane line 50. Figure 8(b) is a diagram
illustrating states of the electrodes when the cutting position
is deviated toward right from the cutting plane line 50. 1In

any of the cases where the cutting position is deviated toward
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right and left, the areas of the working electrode 45 and the
counter electrode 46 are already defined by the first slits and
the third slits, whereby as shown'iﬁﬁfigure 8, the areas of the
working electrode 45 and the counte?!electrode 46 are equal to’
those when the cutting is performed€§n the cutting plane line
50 shown in figure 6(a), as 1ohg asﬁéhe cutting is performed
between the third slits 44a and 44b of the adjacent biosensors.

Since the specimen measurement largely depends on the area
or reaction of the working electrode 45, it is possible to
provide only the third slit 44a which defines the area of the
working electrode 45, without the third slit 44b.

In order to measure the sPecimen; when blood is supplied
to the specimen supply path formed At the cutout part 49 of the
spacer 48 as a sample iiquid which is the specimen, a
prescribed amount of specimen is drawn into the specimen supply
path due to capillary phenomenon by the air hole 53, and.
reaches the counter electrode 46, the working electrode 45 and
the detecting electrode 47. The reagent layer 51 foxmed oﬁ the
electrodes is.dissolved by the blood as the specimen, and
oxidation-reduction reaction occurs between the reagent and
specific components in the specimen. Here, when the specimen
fills the specimen supply path properly, electrical changes
occur between the counter electrode 46 and the detectihg
electrode 47. Thereby, it is confirmed that the specimen is

drawn as far as the detecting electrode 47. The electrical
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changes also occur between the working electrode 45 and the
| detecting electrode 47, and therebyiit is also possible to
confirm that the specimen is drawn.éé far as the detecting
electrode 47. ‘The reaction bethentfhe specimen and the
reagent is promoted for a'prescribé&iperiod of time after the
specimen is drawn as far as the detgéting electrode 47, and
thereafter a prescribed voltage is applied to the working |
electrode 45 and the counter electrode 46 or both of the
counter electrode 46 and the detecting electrode 47. For
example in the case of blood sugar sensor, a current which is
proportional to the glucose concentration is generated and a
blood sugar level can be measured by its value. |

While in the third embodiment the blood sugar sensor is
described as an example, this can be used as a biosensor other
than the blood sugar sénsor, by changing the components of the
reagent 51 and the specimen. 1In ad@ition, though the biosensor
which has the three electrodes is.desgribed in the third
embodiment, the number of the electrodes may be olLher than
three as long as the areas of the electrodes are defined by the
third slits. Further, it is sufficient that at 1east-the area
of the working electrode which greatly affects the measuring
accuracy is defined by the third slits. The positions of the
third slits are not restricted to those positions as long as
they can define the areas of the electrodes. The shape of the

biosensor may be other than that of the biosensor according to
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the third embodiment as long as it can define the areas of the
electrodes by the third slits.

As described above, in the hio#énsor according to the
third embodiment, the areas of respé&tive electrodes are
defined by the two third slits_parailel to the longitudinal
sides of the biosensor. Therefore,géhe areas of the respective
electrodes are previously defined by the third slits and the
areas of the respective electrodes are not Changed'according to
the cutting position, resulting in no variation in the accuracy.
Further, there is provi&ed the reagent layer composéd of the
reagent which is to be reacted with the sample liquid, the
spacer having the cutout part which forms the specimen supply
| path for supplying the sample liquid to the electrodes, and the:
cover which is placed on the spacer and has the air hole
leading to the specimen supply pa;h,'whereby the sample liquid.
can be easily dfawn into the specimen supply path. The
electrical conductive layer is formed on the whole surface of
the insulating support and is divided into plural electrodes by
- the first slits, thereby forming the high-accuracy electrodes
and enhancing the working accuracy. PFurther, since the first
slits and the third slits are formed by the laser, the high-
‘accuracy processing is possible, thereby to define the areas of
the respective electrodes with a high accuracy, as well as the
clearance between the respective electrodes can be narrowed,

thereby to downsize the biosensor.
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(Embodiment 4)
A biosensor D according to Claims 15 and 16 of the present
invention will be described as a fourth embodiment. |
Figured 9 are perspective viewsfillustrating the biosensor

D in the order of a manuiactﬁring pfpcess. Figures 10 are top

views exemplifying the formation ofi%durth slits of the
biosensor D. Pigufe 22 is a diagram illustrating a state where
the biosensor D is insérted into a measuring device.

First, components of the biosensor D will be described.
Numeral 61 denotes an insulating support composed of
polyvyethylene terephthalate or the.like. Numeral 62 denotes an

electrical conductive layer which is formed on the‘whole'
surface of the support 61 and is composed of an electrical
conductive material such as a noble metal, for example gold or
palladium, and carbon. Numerals 63a, 63b, 63c and 63d denote
first slits provided in the electrical conductive layer 62.
Numerals 65, 66, and 67 denote electrodes which are formed by
dividing the electrical conductive layer 62 by the first slits
63a, 63b, 63c and 63d, i.e., a working electrode, a counter
electrode, and a detecting electrode as an electrode for
confirming whether the specimen is surely drawn into a specimen
supply path, respectively. Numerals 64a, 64b, and 64c denote
fourth slits which divide the counter electrode 66, the
detecting electrode 67, and the working electrode 65,

respectively. Numeral 68 denotes a spacer which covers the
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working electrode 65, the counter electrode 66, and the
detecting electrode 67. Numeral Ggfgenotes a rectangular
cutout part provided in_ﬁhe middle Ef an entering edge part of

the spacer 68 to form a Specimen s@ﬁély path. Numeral 54

denotes a reagent layer which is fohfed by applying a reagent
including enzyme or the like to thehﬁorklng electrode 65, the
counter electrode 66, and the detecting electrode 67 by the
dripping. Numeral 55 denotes a cover for covering the spacer
68. Numeral 56_denotes'an air hole provided in the middle of
the cover 55. Numerals 58, 59, and 57 denote correction parts
provided at the end parts of :espeétive electrodes, i.e., the
working electrode 65, the.counter electrode 66, and the
detecting electrode 67. Numerals 71, 72, and 73 denote
measuring parts which are on the pe#iphery of the cover 55, of
parts of the working electrode 65, the counter electrode 66,
and the detecting electrode 67, reSpectiVely, which are exposed
from the cover 55. D denotes a bioéensor. Numeral 4115
denotes a measuring device in which the biosensor D is to be
ingerted. Numeral 4116 denotes an insertion opening of the
meésuring device 4115 into which the biosensor D is inserted.
Numeral 4117 denotes a display part of the measuring device
4115 for displaying a measured result.

As shown in figure 9(a), the electrical conductive layer
62 of a thin film of a.noble metal such as gold and palladium

is formed by the sputtering method for manufacturing a thin



film over the whole support 61. The electrical conductive
layer 62 may not be formed on the whdle suriace of the support
61 but only on a part required for forming the electrodes.
Next, as shown in fiqure 9(b);¥;he first slits 63a, 63b,
63c, and 63d are formed on the eleé%fical conductive layer 62
by employing the laser, to divide ﬁﬂb clecctrical conductive
layer 62 into the working electrode 65, the counter electrode
66, and the detecting electrode 67. Further, the fourth slits
64a, 64b, and 64c are formed on the electrodes, i.e., the
working electrode 65, the counter.electrode 65, and the
detecting electrode 67 by employing the laser. Here, the
fourth slits 64a, 64b, and 64c divide all the electrodes, i.e.,
the working electrode 65, the counter electrode 66, and the
detecting electrode 67, while there are for example eight kinds
of combinations possible as shown in figures 10 as the manner
in which the fourth slits 64a, 64b, and 64c are provided.
Figure 10(a) illustrates a case where no fourth slit is
provided. Figure 10(b) illustrate a case where the fourth slit
64a is provided only in the counter electrode 66. Figure 10(c¢)
illustrate a case where the fourth slit 64b is provided only in
the detecting electrode 67. Figure 10(d) illustrates a case
where the fourth slit 64& is provided only in the working
electrode 65. Figure 10(e) illustrates a case where the fourth
slits 64a and 64b are provided in the counter electrode 66 and

the detecting electrode 67. Figure 10(f) illustrales a case
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where the fourth slits 64c and 64a are provided in the working
electrode 65 and the coﬁnter electrdde 66. Figure 10(qg)
illustrates a case whergfthe-fourthfslits 64¢ and 64b are
provided in the working electrode Gé;and the detecting

Ees a case whexre the fourth

electrode 67. Figure 10(h)'illustrﬂ
slits 64c¢, 64a, and 64bfére provide _in all the electrodes,
i.e.; the working electrode 65, the cbunter electrode 66, and
the detecting electrode 67.

The combinations of the fourth slits 64a, 64b, and 64c
enable the measuring device 4115 to discriminate information of
correction data for correcting a difference in the output
characteristics for each production lot. For example, in fhe
case of figure 10(a) where no fourth slit is provided, it is
assumed a biosensor which has outpuﬁ'characteristics of the
production lot number "1". . In the 6ése of figure 10(b) where
the foufth slit 64a is provided 6n1§ in the counter electrode
66, it is assumed a biosensor which'has output characteristics
of the production lot number "2".

The electrodes, the first slits 63a, 63b, 63c and 63d, and
the fourth slits 64a, 64b and 64c may be formed on the support
61 by the screen printing method, the sputtering method or the
like that employs a printing plate, a masking plate or the like
in which a pattern required for forming the electrical

conductive layer 62 having the first slits 63a, 63b, 63c and

63d as well as the fourth slits 64a, 64b and 64c is previously
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'arranged. Or, this may be formed by cutting away a part of the
electrical conduction part 62 bj a-ﬁig with a sharp tip.
Further, the fourth sliﬁé 64a, 64b,2;nd 64c may be formed after
the bioseéensor 164 is'combieted andtéis output characteristics
are checked, thereby reliably perfég;ing selection for each

- production lot. 3

Next, as shown in figure 9(c), for example in the case of
a blood sugar sensor, a reagent coméosed of glucose oxidase as
enzyme, potassium ferricyanide as an electron transfer agent or
the like is applied to the working electrode 65, the counter
electrode 66, and the detecting electrode 67 by the dripping.

Then, the spacer 68 having the cutout part 69 for forming
the specimen supply path is placed on the electrodes, i.e., the
working electrode 65, the counter eiectrode 66, and the
detecting electrode 67. |

The cover 54 is placed on the;sbacer 68. One end of the
cutout part 56 of the spacer 68 leads to the air hole 56
provided in the cover 55;

It is also possible to form the spacer 68 on the
eiectrodes of the working electrode 65; the counter electrode
66 and the detecting electrode 67, and thereafter drip the
reagent on parts of the working electrode 65, the counter
electrode 66 and the detecting electrode 67, which are exposed
from the cutout part 69, thereby to form the reagent layer 54.

When the specimen is to be measured by the biosensor, the
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biosensor D is initially 1nserted to the insertion opening 4116
of the measuring device 4115 as shown in flgure 22. When blood

is Supplled to the 1n1et of the sPeC1men supply path as a

sample liquid of the spec1men, a prL"crlbed amount of specimen
is drawn into the spec1men supply P jh due to capillary
phenomenon by the air hole 56 and reaches the counter electrode
66, the working electrode 65, and the detecting electrode 67.
The reagent layer 54 formed on the electrodes is dissolved by
the blood as the specimen, and oxidation-reduction reaction

' occurs between the reagent and specific components in the
specimen. Here, when the specimen fills the specimen supply
path properly, electrical changes occur between the counter
electrode 66 and the detecting electrode 67. Thereby, it is
confirmed that the specimen is drawﬁ as far as the detecting
electrode 67. Here, the electrical changes also occur between
the working electrode 65.and the detecting electrode 67, and
thereby it is also possible to confirm that the specimen is
drawn as far as the detécting electrode 67. The reaction
between the specimen and the reagent is promoted for a
prescribed period of time after the specimen is drawn’as far as
the detecting electrode 67, and thereafter a prescribed voltage
is applied to the working electrode 65 and the counter
electrode 66 or both of.the counter electrode 66 and the
detecting electrode 67. 1In the case of a blood sugar sensor, a

current proportional to the glucose concentration is generated
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and the measuring device 4115 measufes its value. The
electrical changes in the respective of the above-described
working electrode 65, counter electfbde 66, and detecting_
electrode 67 are sensed by the measuring parts 71, 72, and 73.

Also, the measuring device 411§;checks whether the
respective electrodes of the biosené;r D, that is, the working
electrode 65, the counter electrode 66, and the detecting
electrode 67 are divided by the fourth slits 64a, 64a, and 64b.
For example, when the electrical conduction between the
measuring part 71 and the correction part 57 is checked, it can
be seen whether the fourth slit 64c has been formed. Similarly,
when electrical conduction betwéen the measuring part 72 and
the correction part 58 is checked, it can be seen whether ﬁhe
fourth slit 64a has been formed, and when electrical conduction
between the measuring part 73 and the correction part 59 is
checked, it can be seen whether thé'fourth slit 64b has been
formed. For example, when the fourth slit is not formed on any
electrodes, it i1s in a state shown in figure 10(a) where the
biosensor is of the production lot number ”17, and thus the
measuring device 4115 obtains a blood sugar level on the basis
of the correction data corresponding to the output
characteristics of the production lot number “1” which are
previously stored and the measured current value, and displays
the blood sugar level at the display part 4117. Similarly,

when the fourth slit 64a is formed only in the counter
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electrode 66, a blood sugar level is obtained on the basis of
the correction data corresponding to the output characteristics
of the production lot number “2” and. the measured current value,

and the obtained blood sﬁéar level f!-displayed at the display

part 4117.
| While in the fourthfembodimenﬁég blood sugar sensor is
described as an example, it can be used as a biosensor other
than the blood sugar sensor, for example as a lactic acid
‘sensor or a cholesterol sensor, by changing the components of
the reagent layer 54 and the specimeh. Also in such cases,
when it is made possible for the measuring device to
discriminate information of correction data corresponding to
the output characteristics of the lactic acid sensor or the
cholesterol sensor according to the position of the fourth
slits, the measuring device 4115 obf;ins a measured value from
the previously stored correction data corresponding to the
output characteristics of the lactié.acid sensor or the
cholesterol sensor and a current value, to display the value at
the display part 4117.

While the biosensor having the three electrodes is
described in the fourth embodiment, the number of the
electrodes may be other than three. Further, plural fourth
slits may be provided on a single eiectrode.

As described above, in the biosensor D according to the

fourth embpdiment, the production lot of the biosensor can be
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discriminated according to the electrodes on which the fourth
slits which divides the respective'éiectrodes are formed.
Therefore, the measuring device can discriminate necessary

correction data by inserting the biGSensor therein, and thus

-

there is no need for an. operator tok;nput correction data by

employing a correction Ghlp or the 11ke, resulting in
elimination of troubles and a prevention of operational errors.
Further, there is provided the reagent layer composed of a
reagent which is to be reacted with the sample liquid, the
spacer having the cutout part_which forms the specimen supply
path for supplying the sample liqﬁid to the electrodes, and the
cover which is placed on the spacer and has the air hole
leading to the specimen supply patﬁ, wvhereby the sample liquid
can be easily drawn into the specimen supply path. The
electrical conductive layer is formed on the whole surface of
the insulating support and is divided into plural electrodes by
the first slits, thereby forming high-accuracy electrodes and
enhancing the measuring accuracy. Further, since the first
slits and the fourth slits are formed by the laser, a high-
accuracy processing is possible, whereby the areas of the
respective electrodes can be defined with a high accuracy, as
well as the clearance Between the respective electrodes can be
narrowed, thereby to downsize the biosensor.

In any of the above-described biosensors A, B, C, and D

according to the first to fourth embodiments, it is more
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preferable that each slit provided on the electrical conductive

layer is processed by the laser, the w1dth of each slit is
0.005 mm ~ 0.3 mm, and the depth of each slit is equal to or
larger than the tnlckness of the electr1ca1 conductive layer,
as defined in Claims 16 to 18 of the present invention.

Further, it is preferred that the reagent layer provided
in any of the biosensors A, B, C, and D should include enzyme,
an electron transfer agent, or a hydrophilic polymer, as
. defined in Claime 19 to 2} of the present invention.
In addition, it is preferable that the insulating support
| employed in .any of the biosensors A, B, C, and D is made of a
resin material, as defined in Claim 22 of the present invention.
(Embodiment 5) |

A thin film electrode forming method as defined in Claims
23 to 35 of the present:invention will be described as a fifth
embodiment with reference to the figures. When the thin film
electrode method described in the fifth embodiment is applied
when the electrode parts of any of the biosensors A, B, C; and
D according to the above-described first to fourth embodiments
are formed, a biosensor as defined in Claim 36 of the present
invention can be obtained.

Figure 11 is a schematic diagram showing a state of a
biosensor, where a thin film electrdde is formed by

implementing the thin film electrode forming method according

to this embodiment and a reaction reagent layer are laid out
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thereon. This biosensor differs most from the conventional
biosensor shown in figuré 25 in that a surface roughening
processing is performed’qn the surf#ée of an insulating resin
support 81 of polyethylege terephth§iate, polycarbonate or the
like, to enhance adhesibﬁ'between tﬁé support 81 and an
electrode layer 82 as well as bctwééé_the electrode layer 82
and a reaction reagent layer 83. It also differs in that a
material constituting the electrode layer 82 is a simple
substrate material composed of a noble metal or carbon, and the -
thickness of the electrode layer 82 is controlled within 3-100
nm.

Hereinafter, a specific method of the surface roughening
processing for the surface of thé support 81 will be described.
Materials suitable for the support 81 are polyethylene
terephthalate, polycarbonate, polybutylene terephthalate,
polyamide, polyvinyl chloride, polyvinylidene chloride,
polyimide, nylon, or the like.

Initially, the support 81 is pléced in a vacuum chamber,
and thereafter is subjected to a vacuum evacuation as far as a
prescribed degree of vacuum (this can be within a range of 1X
107! to 3X10" pascals). Thereafter, when the vacuum chamber is
filled up with an inert gas (the degree of vacuum after the
filling is within a range of approximately 0.1 to 10 pascals),
and a high-frequency voltage of approximately 0.01 to 5 KV is

applied thereto, the inert gas is excited and ionized, and is
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slammed onto the surface of the support 81. These ions have
high kinetic energies, and enough surface roughening effects
can be obtained by the high-frequency voltage application in
quite a short period of'time (approximately 0.1 to 10 seconds).
- Further, similar surface roughening.gffects can be obtained not
only by the high-frequencY voltage épplication-but.also by a DC
voltage application or the like.

Nitrogen as well as rare gases such as argon, neon, helium,
krypton énd Xenon can be employed as the inert gases. It also
is possible to roughen the surface of the support 81 in the
case where an activated gas (reactive gas) as typified by
oxygen is used. However, in this case an oxide coat is formed
on the surface of the support 81, accordingly there are
possibilities that the electrode characteristics and sensor
response characteristics are adversely affected, and thus it is
not so desirable.

Next, a description will be'given of a methed fqr forming
a thin film electrode layer composed of a conductive substance
on the surface of the support 81 which has been subjected to
the surface roughening processing. |

Like in the Surfacé roughening processing for the surface

of the support 81, it is subjected to the vacuum evacuation to
a prescribed degree of vacuum (it can be within a range of 12X

107! to 3X 10 pascals). Thereafter, the vacuum chamber is

filled up with an inert gas (the degrée of vacuum after the
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filling is within a range of approximately 0.1 to 10 pascals),
and a high-frequency voltage of approximately 0.01 to 5 KV is
applied thereto, whereby the inert-gas is excited and ionized.
The ionized gas is collided against a target plate composed of
a conductive material, whereby atoms of the conductive
substance are beaten out and then deposited as a film on the
support 81, thereby forming a thin £ilm electrode layer. It is
also possible that the vacuum evacuation is performed and \
thereafter the conductive substance is heated and evaporated so
as to be.deposited as a film on the support 81, thereby forming
a thin film electrode layer. A typical one of the former
manufacturing hethod is the sputtering evaporation, and a
typical one of the latte; is the vacuum evaporation.

A material of the conductive material for forming the
target plate may be a noble metal such as palladium, platinum,
gold,-and ruthenium, or carbon, and these simple substrate
materials are employed as an electrode material, thereby to
enable a stable electrode mass manufactu;e which hardly depends
on manufacturing conditions and which has a smaller difference
among material lots.

It is possible to perform the support surface roughening
process and the thin film electrode formation process
discontinucusly in independent spaces. However, by performing
the process for roughening the surface of the support 81 and

the process of forming the thin film electrode continucusly in



70

the same space as shown in figure 12, a reduction in
manufacturing man-hours, as well as an enhancement in the
productivity due to the enhancement in production tact, and a
reduction in costs of the biosensors attendant thereupon can be
realized. Figure 12 is a schematic structure diagram
illustrating a manufacturing process of the thin film electrode
in the fifth embodiment. 1In the fiqure, numeral 84 denotes a

- wacuum chamber, numeral B85 denotes a support delivery roll,
numeral 86 denotes a support take-up roll, numeral 87 denotes a
surface roughening processing electrode, numeral 88 denotes a
cooling roller, numeral 8% denotes a cathode/target, and
numeral 90 denotes a gas iﬁtroduction inlet.

In the case where two processes are performed continuously
in the same space as déscribed aboﬁe, it is difficunlt to
perform a vacuum evaporatioh, and thus it is effective -to
perform a high-frequency sputtering evaporation, a bias
sputtéring evaporation, an asymmetric AC sputtering evapo:ation,
an ion plating and the like.

| It goes without saying that a reduction in manufacturing
costs is enabled by making the thickness of the electrode layer
as thin as possible, while by reflecting the roughened surface
of the support as a roughened surface for the surface of the
electrode layer as it is, the adhesion between the electrode
layer B2 and the reaction reagent 1ayerl83 composed of enzyme,

an electron transfer agent and the like is considerably



enhanced. In order to.reflect the foughened sﬁrface of the
support 81 surface as a roughened surface of the electrode
layer surface, the thickness of théielectrode layer is required
to be 100nm or less, and[it is desi;able that the thickness of
the electrode layer should be 3-503£m to provide higher-
performance thin film electrode and“Eioaensqr.

A further description will be given of the above-described
thin film electrode forming method according to the fifth
embodiment with reference to a specific experimental example.

A high-frequency voltage having a frequency of 13.56 MHz
at l00w-output is applied onto the insulating support 81
composed of polyethylene terephthalate for a prescribed period
of time, td perform the surface roughening processing, and
thereafter a noble metal thin film'eiectrode is formed by
forming palladium with the thickness of apprqximately 10 nm on
the roughened support under the same condition.

Figure 18 illustrates the changes in a wettability index
(surface tension) of the support surface and the adhesion
between the electrode layer and the support surface due to the
surface roughening processing depending on the time for ‘
applying the high-frequency voltage from 0 to 60 seconds (0
second shows a state where the surface roughening processing is
not performed), and this figure illustrates that surface
roughening of the support surface is realized by the

application for more than 5 seconds and the surface wettability



72

as well as the adhesion between the electrode layer and the
support are enhanced. This embodiméht is the result which is
obtajined at a high-frequency volta§é1of 100W, and a fﬁrther
reduction in the processing time is?gnabled by increasing the
high-frequency voltage.Vl 3

The adhesion valuation here ié;;xecuted in conformance
._ with JIS5600-5-10 (paint ordinary te#t method: mechanical
property of a paint film: a wear resistance), and a numeric
value of the adhesion in the figure is indicated by the number
of times of stroke reciprocation up to a time when a palladium
thin film is worn out and the support surface goes in an
exposed state; and a larger numeric value indicates a higher
adhesion.

Figure 19 illustrates a relationship between the thickness
of the palladium thin film and the wettability index (surface
tension) of the electrode surface. The conditions of the
surface roughening procéésing of the support surface are
adjusted arbitrarily within a range where a high-frequency
voltage is 100W, the application time is 5 seconds, and the
thickness of the palladium layer is 5 to 1000 nﬁ. As apparent
from figure 19, in a range where the thickness of the palladium
layer is 3 to 50 nm, thé_wettability index of the support "
surface subjected to the surface roughening processing is kept
in 54 dyn/cm, and when it exceeds 100 nm the wettability index

is decreased to 48 dyn/cm, and thereafter it is kept stable at



. i This Sheet Has Been Replaced

N

that value. This indicates that the roughened surface of the

support surface reflects the roughened surface of the electrode
surface up to the thickness 100 nm,!while it reflects the
wettability of the electrode materié; itself (palladium in the
embodiment) in the case of the thic#hess exceeding 100 nm.

| Next, the reaction reagent'layéi including carboxymethyl
cellulose as a hydrophilic polymer, glucose oxidase (GOD) as
enzyme, and potassium ferricyanide as an electron transfer
agent is formed on the thin film electrode which is formed
under the above-described conditions, whose thickness of the
palladium layer is 190 nm, and thereafter a bidsensor for
measuring the blood sugar level as in figure 1, in which a
spacer and a cover are laid out is manufactured.

Figure 20 is a diagram in which the sensor sensitivities
in blood glucose concentrations of 40~600 mg/dl are compared.
The blood is drawn into a capillary tube, then a reaction
between a reaction reagent and glucose in the blood is promoted
for about 25 seconds, and thereafter a prescribed voltage is
applied between terminals of a working electrode and a counter
electrode. The sensor sensitivity here is é current value
which is obtained 5 seconds after the application of the
prescribed voltage. Since the conventional sensor and the
sensor in the embodiment have different electrode materials, an
applied voltage is 0.5 V for the conventional carbon paste

electrode while it is 0.2 V for the palladium thin f£ilm
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electrode in the embodiment.

Further, the measuring numbet is n=10 in each
' concentration range. As apparent frOm figure 20, it is
confirmed that the sensor in the emﬁddiment which is not
subjected to a polishing processingZOr heat processing for the
electrode surface has an equivalcntabr higher sensitivity as
compared with a sensor which is subjected to the polishing
processing or heat processing, which was conventionaliy
regarded as required to enhance the sensor sensitivity.

The repeatabilities (C.V. values) of the ten-times
measuring are compared in_(tablell). From the result shown in
the table, it is confirmed that the semnsor in the embodiment
has an excellent accuracy, with variations in individual
sensors being reduced, while a conventional sensor has its CV
value remarkably deteriorated due to the polishing processing

variations or the like.

(Table 1)
Glucose Conventional sensor | Sensor in embodiment
concentration
40mg/dl ' 15.25% 3.893%
82mg/dl 6.15% _ 2.87%
165mg/dl 3.89% 2.43%
248mg/dl ] 3.24% 1.80%
485mg/dl 3.79% T 2.163
600mg/dl 3.28% 1.65%

(Embodiment 6)

Hereinafter, a quantification method of quantifying a
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substréte as defined in claim 38 ‘of ;he'present invention and a
Quantification apparatus for quantifying a substrate as defined
in Claim 41 of the present 1nventlon, which employ any of the
biosensors A, B, C, and D, for whlch the electrical conductive
layers are formed by employing the above-described thin film
electrode forming method accordihg'tb the fifth embodiment will
be described. While the biosensor A as described in the first
embodimént is used as a biosensor employed in a following
description, the biosensor to be used is not restricted thereto.

Figure 13 is a diagram illustrating structures of the
biosensor and the guantification apparatus which is employed in
the quantification method employing the biosensor. In the
figure, the same reference numerals as those shown in figure 1
denote the same or corresponding parts.

It is a system in which the biosensor A is used in a state
where it is connected to a guantification apparatus M1, and the
quantification apparatus M1 measures the amount of an included
substrate from a specimen supplied to the biosensor A.
| In the quantification apparatus Ml, numerals 115a, 115b,
and 115¢c denote connectors connected to a working electrode 5,
a detecting electrode 7, a counter electrode 6 of the biosensor
A, respectively, numeral 116a denotes a switch provided between
the connector 115c¢ and the ground (which means a constant
potential electrodeposition and can be not always “0”. The

same goes for in the present specification.), numeral 118a
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denotes a current/voltage conversion circuit which is connected
fo the connector 115a and converts a current flowing between
the working electrode 6 and other éléctrode into a voltage to
be output, numeral 11%a denotes an A/D conversion circuit which
is connected to the current/voltage ‘conversion circuit 118a and
converts a voltage value from the current/voltage conversion
circuit 118a into a pulse, numeral 120 denotes a CPU which
controls. ON/OFF of the switch 116a and calculates the émount of
a substrate inc¢luded in a specimep based on the pulse from the
A/D conversion circuit 119a, and numeral 121 denote# a LCD
(liquid crystal display) which displays a measured value
calculated by the CPU 20.

Hereinafter, "a d;scription will be given of the operations
of the biosensor A and ﬁhe guantification apparatus M1 when the
amount of thelsubstrate included in a specimen is meésured by
the quantification method employing the biosensor according to
the sixth embodiment of the present invention.

First, when the biosensor A is connected to the connectors
115a-115c of the gquantification apparatﬁs M1, the switch llé6a
is turned off upder_the control of the CPU 120, leading to a
non-connectidn state between the counter electrode 6 and the
ground, and a prescribed voltage is applied between the working
electrode 5 and the detecting electrode 7. A current generated
between the working electrode 5 and the detecting electrode 7

is converted to a voltage by the current/voltage conversion



circuit 118a, and the voltage'is cdﬁﬁerted to a pulse by the
A/D comversion circuit 119a to be outputted to the CPU 120.

Next, when a specimen is supplied to the inlet 9a of the

specimen supply path of the bidsens:j A, the specimen is drawn

into the specimen Supply,paﬁh, passes on through the counter
electrode 6 and the working electrodé 5, and reaches the
detecting electrode 7. At this point of time, the reagent
layer 12 is dissolved, an oxidation-reduction reaction occurs,
and electrical changes occur between the working electrodé 5
and the detecting electrode 7. The CPU 120 starts the
quantification operation, when detecting that the electrical
changes have occurred between the working electrode 5 and the
detecting electrode 7, that is, a ﬁéasurable amount of specimen
has been supplied to the specimen sﬁpply path of the biosensor
A, according to changes in the pﬁlsé inputted from the A/D
conversion circuit 119a. -

The CPU 120 turns on the switch 116a to connect the
counter electrode 6 to the ground, and controls the
current/voltage conversion circuit 118a not to supply the
voltage for a prescribed period of time thereafter, so that the
reaction between the reagent layer 12 formed on the electrode
parts and the specimen is promoted. After the passage of the
prescribed period of time, the prescribed voltage is applied

between the working electrode 5 and the counter electrode 6 as

well as the detecting electrode 7 for about five seconds by the
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current/voltage conversion circuit ilaa.

At this point of time, a curré#& proportional to the
concentration of a subsi:ate in thé;épecimén is generated
hetween the working eledtrode 5 an&iihe counter electrode 6 as
well as the detecting eiectrode 7.fﬁ%he current is converted to
a voltage by the currenﬁ/voltage coﬁ@ersion circuit ll18a, and
the voltage value is converted to a pulse by the A/D conversion
circuit 119a to be outputted to the CPU 120. The CPU 120
counts the number of pulses to calculate a response value, and
the result is displayed on the LCD 121.

While the detecting electrode 6 is always connected to the
ground here, a quantification apparatus M2 is also possible,
‘which is provided with a switch 116b between the detecting
electrode 7 and the ground, and controls ON/OFF of the
connection between the detecting eiectrode 7 and the ground, as
" shown in figure 14. When the biésensor A is connected to the
connectors 115a to 115c of the so-constructed quantification
apparatus M2, the.switch 116a is turned off under the control
of the CPU 120, leading to a non-connection state between the
counter electrode 6 and the ground, while the switch 116b is
turned on, and a prescribed voltage is applied between the
- working electrode 5 and the detecting electrode 7. .Thereafter,
the switch 116b remains in the ON-state from the start of the
specimen drawing by the biosensor A until the quantification

operation of the quantification apparatus M2 is finished, and
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the quantification operation is the same as that of the above-
described quantification apparatuslﬂl.

Then, respective electrode areé# of the biosensor
preferable for measurinﬁ_the amounf?ﬁf a substrate inéluded in

a sample liquid will be described.

Figure 15 is an enlérged view of the specimen supply path
of the biosensor A according to the first embodiment of the
present invention. It is generally preferable that the areas
of the counter electrode 6, the working electrode 5, and the
detecting electrode 7 in the specimen supply path of the
biosensor A are such that the area of the counter electrode 6
is equivalent to or larger than that of the working electrode 5
to prevent an electron transfer reaction between the electrﬁdes
from being rate-determined.

In the sixth embodiment, the dé;ecting electrode 7 of the
biosensor A is also used as a counter electrode at the
measuring, and thereforé when the total of the areas of the
counter electrode 6 and the detecting electrode 7 is equal to
or larger than the area of the working electrode 5, an electron

ltransfer reaction between the respective electrodes can be
prevented from béing rate-determined. For example, when the
counter electrode 6 and the working electrode 5 have equivalent
areas, and the area of the detecting electrode 7 is set at
several -tens percents of the area of the counter electrode 6,

the area of the counter electrode 6 and detecting electrode 7
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which is equal to or larger than the area of the working
electrode 5 can be obtained. Furthef, in order to perform the
election'transfer reaction between the working electrode 5 and
the counter electrode 6 as well as tﬁe detecting electrode 7
more uniformly, it is desirable thai’the respective areas of
the counter electrode 6 ahd the défééting electrode 7 adjacent
to the working electrode 5 are equivalent as shown in figure 15.
'As described above, according to the guantification method
employing the biosensor A in the sixth embodiment of the
present invention, when a specimen is drawn into the specimen
supply path of the biosensor A and the eleclLrical changes occur
between the detecting electrode 7 and the working electrode 5,
the electrical changes are detected and the quantification
operation is started in any of the guantificatidn apparatus Ml
and the quantification apparatus M2. Therefore, it can be
prevented that the quantification apparatus Ml or M2 is
inappropriately operated to start the quantification operation
regardless of a shortage of the specimen amount supplied to the
biosensor A as in the prior art, which results in erroneous
operations such as display of erroneous measured values.
Further, in the present invention, when the amount of
specimen which can be quantified is supplied to the biosensor A,
the detecting electrode 7 is used also as the counter electrode
after the start of the gquantification, and thus when the total

of the areas of the counter electrode 6 and the detecting
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electrode 7 is at least equivalent to the area of the working
electrode 5, the electron transfer teaction between the
electrodes is prevented from beingfrate;determined, thereby to
promote the reaction smoothly. At.the same time, the capacity
of the specimen supply path can be downsized, whereby the
quantitative analysis based on a slight amount of specimen,
which was conventionally impossible, can be performed properly.
Further, when the area of the detecting electrode 7 and that of
the counter electrode 6 are equivalent, the electron transfer
reaction between the electrodes is performed uniformly, thereby
obtaining a more satistactory response.

(Embodiment 7)

Hereinafter, a guanlLification method for gquantifying a
substrate as defined in Claim 40 of the present invention and a
quantification apparatus for guantifying a substrate as defined
in Claims 42 to 44 of the present invention, which employ any
of the biosensors A to D whose electrical conductive layers are
formed by employing the thin film electrode forming method
described in the fifth embodiment but which are different from
those of the above-described sixth embodiment will be described.
A biosensor which is employed in a following description is
supposed to be the biosensor A described in the first
- embodiment.

Figure 16 is a diagram illustrating structures of the

‘biosensor A and a quantification apparatus employed in the
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quantification method employing_tﬁe biosensor according to the
seventh embodiment of the present invention. In the figure,
the same reference numerals as those shown in.figure 13 denote
the same or corresponding parts.

In a quantification apparatus M3, numerais 115a, liSb, and
115¢ denote connectors connected tofthe working electrode 5,
the detecﬁing electrode 7, and the counter electrode & of the
biosensor A, respectively, numeral 116c denotes a selector
switch which is connected to the connector 115b at one end and
is capable of switching the connection between a
-curfent/voltage conversion circuit 118b in a latter stage and
"the ground at the other end, ﬂumeral il8a denotes.a_
current/voltage conversion circuit which is connected to the
. connector 1l5a and converts a current flowing between the
.working electrode 6 and othef electrode into a voltage to.he
output, numeral 118b denotes a current/voltage conversion
cireuit which is connected to the connector 115b via the
selector switch 116c and converts a current flowing between £he
detecting electrode 7 and other electrode into a voltage to be
output, numerals 119%9a and 119b denote A/D conversion circuits
which are connected to the current/voltage conversion circuits
118a and 118b, respectively, and convert the veoltage values
from the current/voltage conversion circuits 118a and 118b into
pulses, numeral 120 denotes a CPU which controls the selector

switch 116c and calculates the amounts of substrate included in
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the specimen based on the pulses from the A/D conversion
circuits 119a and 119b, and numeral 121 denotes a LCD (liquid
crystal display) which displays a meésﬁred value calculated by
the CPU 120. | ;

Hereinafter, a description wi;lfbe given of the operations
of the biosensor A and the quantifiéétion apparatus M3
according to the seventh embodiment of the present invention
when the amount of substrate included in a specimen is measured
by the quantification method employing the biosensor A.:

Firsf. when the biosensor A is connected to the connectors
115a-115c of the quantification apparatus M3, the selector
switch 116c is connected to the current/voltage conversion
circuit 118b under the control of the CPU 120, and a prescribed
voltage is appiied between the counter electrode 6 and the
working electrodels as well as between the counter electrode 6
and the detecting electrode 7. The currents generated between
the counter electrode 6 and the working electrode 5 as well as
between the counter electrode 6 and the detecting electrode 7
are converted to voltages by the current/voltage conversion
circuits 118a and 118b, respectively, and are further converted
to pulses by the A/D conversion circuits 119a and 119b.

Next, when the specimen is supplied to the inlet 9a of the
specimen supply path of the biosensor A, the specimen is drawn
into the specimen suppiy path, passes through on the counter

electrode 6 and the working electrode 5, and reaches the
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detecting electrode 7. At this point_of time, the reagent
layer 12 is dissolved by the specimen and an oxidation-
reduction reaction occurs, and electfical changes occur between
the counter electrode 6.and the working electrode 5 as well as
between the counter electrode 6 andlﬁhe detecting electrode 7.

The CPU 120 detects that the electrical changes have
occurred between the couﬂter electrode 6 and the working
electrode 5 as well as between the counter electrode 6 and the
detecting electrode 7 from the pulses inputted from the A/D
conversion circuits 119a and 119b, and confirms that the amount
of specimen which can be quantified has béen supplied to the
specimen supply path of the biosenspr A.

Then, the CPU 120 makes the selector switch 116c to be
connected to the ground, and controls fhe current/voltage |
conversion circuit 118a not to éupply the voltage for a
prescrihed period of time, so that a reaction between the
reagent layer 12 formed on the respective electrodes and the
specimen is promoled. |

After the passage of the prescribed period of time, the
prescribed voltagé is applied between the working electrode 5
and the dounter electrode 6 as well as the detecting electrode
7 for about five seconds by the current/voltage conversion
circuit 118a, the CPU 120 calculates a response value based on
its current, and the result is displayed on the LCD 121.

However, in a case where the current is generated between
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the counter electrode 6 and the working electrode 5 by the
supply of the specimen to the specimen supply path but no

. current is thereafter generated befﬁéen the counter electrode 6
and the detecting electrode 7 for thé prescribed period of time,
the CPU 120 judges that there is a Ehortage of the specimen
‘amount, and this is displayed on th¢ LCD 121. Even when the
specimen is supplemented to the specimen supply path after the
LCD 121 once displays that there is a shortage of the specimen
supply, the CPU 120 does not start the quantification operation.

.As described above, according to the quantification method
employing the biosensor in the seventh embodiment of the
present invention, when the specimen is drawn into the specimen
supply path of the biosensor A, and electrical chénges occur
between the counter electrode 6 and the working electrode 5
while no electrical change occurs between the counter electrode
6 and the detecting electrode 7, the quantification apparatus
M3 displays on the LCD 121 that there is a shortage of the
specimen supply and informs a user of the fact, thereby
enhancing the convenience and safety at the measuring.
(Embodiment 8)

Hereinafter, a quantification method for quantifying a
substrate as defined in Claim 39 or 40 of the present invention
and.a guantification apparatus for quantifying a substrate as
defined in Claims 42 to 44 of the present invention, which

employ any of the biosensors A to D whose electrical conductive
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layers are formed by employing the thin film electrode forming

method described in the fifth embodiment but are different from

those of the above-described sixth éhd seventh embodiments will-

be described. The biosensor employéd in é following
description is"supposed-to be the biﬁsenéor A described in the
first embodiment. | e

Figure 17 is a diagram illustrating structures of the
biosensor A and a quantification apparatus employed in the
guantification method employing the biosensor according to the
eighth embodiment of the present invention. In_the figure, the
same reference nﬁmeralé as those shown in figure 16 denote the
same or corresponding parts. |

The structure of the guantification apparatus M4 in the
eighth embodiment is basically the éame as that in the seventh
embodiment, while the structure isléuch that a selector switch
1164 is added between the connector 115a and the
cur:ent/voltage conversion circuit 118a of the quantification
apparatus M4 and the connection of the working electrode 5 can
be switched between the current/voltage conversion circuit 118a
and the ground.

Hereinafter, the operations of the biosensor and the
quantification apparatus when the amount of substrate included
in a specimen is quantified by the quantification method
employing the biosensor according to the eighth embodiment of

the present invention will be described with reference to
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figure 17.

First, when the biosensor A iéi?onnected to the connectors
115a-115¢c of the guantification apﬁ?éatus M4, the selector
switches 116d and lléc a:e connec:tgj'{éi'-"= o the current/voltage

conversion circuits 118a and 118b under control of the CPU 120,

respectively, and a prescribed voltﬁge is applied between the
counter electrode 6 and the working electrode 5 as well as
between the working electrode 5 and the detecting electrode 7.
Currents generated between the counter electrode 6 and the
working electrode 5 as well as between the working electrode 5
and the detecting electrode 7 are converted to voltages by the
current/voltage conversion circuits 118a and 118b, respectively,
and are further converﬁed to pulses by -the A/D conversion
circuits 119a and 119b.

Next, the specimen is shpplied'fo the inlet 9a of the
specimen supply path of the biosenéér A and drawn into the
specimen supply path, and when it ébvers the working electrode
5, electrical changes occur between the counter electrode 6 and
the working electrode 5. The CPU 120 detects the electrical
changes from the pulse inputted from the A/D conversion circuit
119a, and connects the selector switch 1164 to the ground.

When the specimen reaches the detecting electrode 7,
electrical changes occur between the working electrode 5 and
the detecting electrode 7. The CPU 120 detects the electrical

changes from the pulse inputted from the A/D conversion circuit
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119b, and confirms that the specimeﬁfis sufficiently supplied
to the specimen supply path. ' 
Then, the CPU 120 makes the seiéctor switch 116d to be

connected to the current/voltage cOh%ersion circuit 118a as

well as the selector switch 1lléc tokﬂe connected to the ground,
to control the current/vbltage conﬁg;sion circuit 118a not to
supply the voltage for the prescribed period of time, so that a
reaction between the reagent layer 12 formed on the respective
electrodes and the specimen is promoted.

After thé passage of the prescribed period of time, the
prescribed voltage is applied between the working electrode 5
and the counter electrode 6 as well as the detecting electrode
7 for about five seconds by the currgnt/voltage conversion |
circuit 118a, and the CPU 120 calcul%tes the amount of
substrate included in the specimen:bésed on its current, and
its measured value is displajed on Ehe LCD 121.

However, in a case where the current is generated between
the counter electrode 6 and the working electrode 5 by the
supply of the specimen to the specimen supply path but no
current is generated between the working electrode 5 and the
detecting electrode 7 for the prescribed period of time
thereafter, the CPU 120 judges that tﬁere is a shortage of the
specimen amount, and this is displayed én the LCD 121. Even
when the specimen is supplemented to the specimen supply path

after the LCD 121 once displays that there is a shortage of the
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specimen supply, the CPU 120 does not start the quantification
operation.

As described above, according to the quantificafion method
employing the biosensor of the eighth embodiment of the present
invention, when the specimen is drawn into the specimen supply
path of the biosensor A, and electriéal changes occur bétween
the counter electrode 6 and the working electrode 5 while no
electrical change occurs between the working electrode 5 and
the detecting electrode 7, the quantification'apparatus M4
displays on the LCD 121 that there is a shortage of the
specimen supply and informs a user of the fact, thereby
enhancing the conveniencé and safety at the measuring.

While the biosenéor is described as an enzyme sensor in
the above-described sixth to eighth embodiﬁents, a biosensor
which employs a reagent such as an antibody, a microorganism, a
DNA, and a RNA in addition to the enzyme can élso be the

similar one.

APPLICABILITY Iﬁ INDUSTRY

As described above, the biosensor according to the present
invention can be formed by a simple manufacturing method, as
well as a biosensor which is excelient in a measuring accuracy,
a biosensor in which a reagent layer is placed uniformly on
electrodes regardless of a reagent liquid cbmposition, resulting

in an uniform performance, a biosensor which can keep the
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performance constant without affecting an area of an.electrode
when the support is cut, and a biosensor which enables a
discrimination of correction data fﬁr each production lot only
by being inserted without a correc;iQn chip inserted can be
obtained, and further the thin film §1ectrode'forming method
according to the invention is suitable for forming an electrical
lconductive layer of the biosensor, and further the method and
the apparatus for quantification according to the invention are

‘quite useful for diagnostics a slight amount of specimen.
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1. A biosensor for qﬁantifying a éﬁbstrate included in a
sample liquid comprising:

a first insulating support and_a second insulating
support; | |

an electrode part comprising at least a working electrode
and a counter electrode;

a specimen supply path'for introducing the sample liquid
to the electrode part; and

a reagent layer employed for quantifying the substrate
included in the sample liquid,

the electrode part, the specimen sﬁpply path, and the
reagent layer existing between the first insulating support.and
the second insulating support,

the specimen supply path beihg provided on the electrode
part, and the reagent layer being provided on the electrode
part in the specimen supply path, respectively, and

the electrode part being dividedly formed by first slits
provided on an electrical conductive layer whiéh is fofmed on
the whole or part of an internal surface of one or both of the
first insulating support and the second insulating support.
2. The biosensor as defined in Claim 1, wherein |

the electrode part further comprises a detecting

electrode.
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3. The biosensor as defined in Claim 2, wherein
the counter electrode is provided on the whole or part of
the internal surface of the second insulating support,
the working electrode and the detecting electrode are
provided on the whole or part of the internal surface of the
first insulating support, and
the working electrode and the detecting electrode which
are provided on the internal surface of the first insulating
support are dividedly formed by the first slits provided on the
electrical conductive layer.
4. The biosensor as defined in clﬁim 1 or 2, wherein
the electrode part is provided on the whole or part of
the internal surface of only the first insulating support, and
the electrode part prévided on the internal surface of
the first insulating support is dividedly formed by the fist
_slits provided on the electrical conductive layer.
5. The biosensor as defined in any of Claims 1 to 4, wherein
an area of the counter electrode is equal to or larger
than that of the working electrode.
6. The biosensor as defined in any of Claims 1 to 4, wherein
a total of an area of the counter electrode and an area
of the detecting electrode is equal to or larger than that of
tﬁe working electrode.
7. The biosensor as defined in Claim 6, wherein

the area of the detecting electrode in the specimen

A O o
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supply path of the biosensor is equal to the area of the
counter electrode. |
8; The biosensor as defined in any of Claims 1 to 7, wherein
a spacér is provided which has a cutout part for forming
the specimen supply path and is placed on the electrode part,
and’
the second insulating support is placed on the spacer.
9. The biosensor as defined in Claim 8, wherein
the spacer and the second insulating support is integral.
10. The biosensor as defined in any of ciaims 1 to 9, wherein
an air hole leading to the specimen supply path is formed.
11. The biosensor as defined in any of Claims 1 to 10, wherein
the reagent layer is formed by dripping a reagent, and
second slits are provided around a position where the
reagent'is dripped.
12. The biosensor as defined in Claim 11, wherein
the second slits are arc shaped.
13. The biosensor as defined in any of Claims 1 to 12, wherein
third slits are provided for dividing the electrical
conductive layer to define an area of the electrode part.
14. The biosensor as define in Claim 13, wherein
shapes of the first insulating support and the second
insulating support are approximately rectangular, and
one third slit or two or more third slits are provided in

parallel with one side of the approximate rectangle shape.
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15. The biosensor as defined in any of Claims 1 to 14 having
information of correction data generated for eachlproduction
lot of the biosensor, which corresp§nd=to characteristics
concerning output of an electricél cﬁahge resulting from a
reaction between the sample liquid éﬁd the reagent layer and
can be discriminated by é measuringldevice employing the
biosensor.
16, The biosensor as defined in Claim 15, wherein

one or plural fourth slits dividing the electrode part
are provided, and

the measuring device can discriminate the information of
the correction data according to positions of the fourth slits.
17. The biosensor as defined in any of Claims 1 to 16,

wherein

at least one or all of the first slits, the second slits,
the third slits, and the fourth slits are formed by processing
the electrical conductive layer by a laser.
18. The biosensor as defined in Claim 17, wherein

a slit width of respective'one of the fist slits, the
.second slits, the third slits, and the fourth slits is 0.005 mm
to 0.3 mm.
19. The biosensor as defined in Claims 17 and 18, wherein

a slit depth of respective one of the fist slits, the
second slits, the third slits, and the fourth slits is équal to

‘or larger than the thickness of the electrical conductive layer.
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20. The biosensor as defined in any of_claims 1l to 19,
wherein

the reagent layer includes an enzyme.
21. The biosensor as defined in any of Claims 1 to 19,
wherein

the reagent layer includes an_glectron transfer agent.
22. The biosensor as defined in any of Claims 1 to 19,
wherein

the reagent layer includes a hydrophilic polymer.
23. The biosensor as defined in any of Claims 1 to 22,
wherein

the insulating support is made of a resin material.
24. A thin film electrode forming method for formiﬁg a thin
film electrode on a surface of an insulating support including:

a roughened surface férming step of roughening the surface
of the insulating support by colliding an excited gas against'
the surface of the insulating support in a vacuum atmospheie;
and |

an electrical conductive layer forming step of forming the
electrical conductive layer as a thin film electrode which is
composed of a conductive substance on the roughened surface of
the insulating support. |
25. The thin film electrode forming method as defined in
Claim 24, wherein

the roughed surface forming step comprises:
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a support placing step of placing the insulating support
in a vacuum chamber;

an evacuation steﬁ of evacuatih§ the vacuum chamber;

a gas filling step of filling f_u'_'_p the vacuum chamber with
a gas; and | |

a colliding step of exciting tﬁé gas to be ionized and
colliding the same against the insulating support.
26. The thin film electrode forming method as defined in
Claim 25, wherein

a degree of the vacuum in the-evacuation step is withih a
range of 1X10™ to 3X10™® pascals.
27. The thin film electrode forming method as defined in
Claim 26, wherein

the gas is an inext gas.
28. The thin film electrode forming method as defined in
Claim 27, wherein

the inert gas is either a rare gas of argon, neon, helium,
- krypton, and xenon, or nitrogen.
29. The thin film electrode forming method as defined in any
of Claims 24 to 28, wherein

the electrical conductive layer forming step comprises:

a second support placing step of placing an insulating
support having an already roughened surface, which has been
subjected to the roughened surface forming step, in a second

vacuum chamber;
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a second evacuation step of evacuating the second vacuum
chamber;

a second gas filling step of filling up the seéond vacuum
chamber with a second gas; and .

a step of exciting the secondééas to be ionized and
colliding the same against a cohducéive substance to beat out
atoms of the conductive substances, to form a film on the
insulating suppeort having the alreédy roughened surface.

30. The thin filﬁ electrode forming method as defined in any
of Claims 24 to 28, wherein

the electrical conductive layer forming step comprises:

a second support placiﬁg step of placing an insulating
support having an already roughened surface, which has been
subjected to the roughened surface forming step, in a second
vacuum chamber;

a second evacuation step of evacuating the second vacuum
chamber; and

a step of heating énd eﬁaporating a conductive substance
to deposit steams as a film on the insulating support having
the already roughened surface.

31. The thin film electrode forming method as defined in
Claim 29 or 30, wherein

a degree of the vacuum in the second evacuation step is

within a range of 1X10™? to 3X10™* pascals.

32. The thin 1ilm electrode forming method as defined in any
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of Claims 29 to 31, wherein

the second gas is an inert gas.
33, The thin film electrode forming method as defined in
Claim 32, wherein ;

the inert gas is either a rare gas of argon, neon, helium,
krypton and xenon, ©or nitrogen.
34. The thin film electrode forming method as defined in any
of Claims 29 to 31, wherein

the vacuum chamber and the second vacuum chamber is the
same chamber.
35. The thin film electrode forming method as defined in any
of Claims 29 to 34, wherein

the conductive substance is a noble metal or carbon.
36. The thin film electrode forming method as defined in any
of Claims 24 to 35, wherein

a thickness of a formed thin film electrode is within a
range of 3 nm to 100 nm.
37. The biosensor as defined in any.of Claims 1 to 23,
wherein

the electrical conductive layer is formed by

the thin film electrode forming method as defined in any
of Claims 24 to 36.
38. A quantification method for.quaﬁtifying, by employing the
biosensor as defined in any of Claims 1 to 23 and 37, a

substrate included in a sample liguid supplied to the biosensor
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comprising:

a fist application step of applying a voltage between the
detecting electrode and the counter électrode or the working
electrode;

a sample liquid supplying step of supplying the sample
liquid to the reagent layer; |

a first change detecting step of detecting an electrical
change occurring between the detecting electrode and the
counter electrode or the working electrode by the supply of the
sample liquid to the reagent layer;

a second application step of applying a voltage between
: the working electrode and the counter electrode as well as the
detecting electrode after the electrical change is detected in
the first chahge step; and

a current measuring step of measuring a current generated
between the working electrodé and the counter electrode as well
as the detecting electrode, to which the voltage is applied in
the second application steé.

39. A quantification method for quantifying, by employing the
biosensor as defined in any of Claims 1 to 23 and 37, a
substrate included in a sample liquid supplied to the biosensor
comprisings

a third application step of applying a voltage between the
detecting éiectrode and the counter electrode or the working

electrode as well as between the working electrode and the
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counter electrode;
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a sample liquid supplying step of supplying the sample
liquid to the reagent layer; |

a first change detecting step_b? detecting an electrical
changé occurring between the detectiﬂg electrode and the
counter electrode or the working eié&trode by the supply of the
sample liquid'to the reagent layer;

a second change detecting step of detecting an electrical
change occuxrring between the working'electrode and the counter
-electréde by the supply of the sample liquid to the reagent
layer; |

a second applicatién steé of applying a voltage between
the working electrode and the counter electrode as well as the
detecting electrode after the electrical changes are detected
in the first change detecting step and the second change
detecting step; and

a current measuring step of meaéuring a current generated
between the working electrode and the counter electrode as well
as the detecting electrode, to which the voltage is applied in
the second application step,

40. The quantification method as defined in Claim 38 or 39,
wherein

the second change detecting step is followed by

a no-change informing step of informing a user that no

change occurs when it is detected that no electrical change
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occurs between the detecting electrode and the counter
electrode ar the working electrode for a prescribed period of
time.
4l. A quantification apparatus, toawhich the biosensor as
defined in any of Claims 1 to 23 and 37 is detachably connected
and which quantifies a substrate included in a sample liquid
supplied to the biosensor comprising:

a first curreﬁt/voltage conversion cirauit for converting
a current from the working electrode included in the biosensor
into a voltage; |

a first A/D conversion circuit for digitally converting
the voltage'from-the current/voltage conversion circuit;

a first switch provided between the counter eiectrode
included in the biosensor and the ground; and

a control part for controlling the fist A/D conversion
circuit and the first switch,

the control part

applying a voltage between the detecting electrode and
the working electrode in a state where the first switch is
insulated from the counter electfode,

detecting an electrical change between the detecting
electrode and the working electrode occurring by the sample
liquid which is supplied to the reagent layer on the specimen
supply path, | |

thereafter applying a voltage between the working
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electrode and ihe counter electrode as well as the detectiné
electrode in a state where the first switch is connected to the
counter electrode, and “

‘measuring a currént generated by applying the voltage.
42. A quantification apparatus, to which the biosensor as
defined in any of Claims 1 to 23 and 37 is detachably connected
and which guantifies a substrate included in a sample liquid
supplied to the biosensor comprising:

a first current/voitage conversion circuit for converting
a current from the working electrode included in the biosensor
"into a voltage;

a second current/voltage conversion circuit for converting
a current from the detecting electrode included in the
biosensor into a voltaje;

a first A/D conversion circuit for digitally converting
the voltage from the first current/Qoltage conversion circuit;

a second A/D conversion circuit fof digitally convefting
the voltage from the second current/voltage conversion c¢ircuit;

a first selector §witch for switching the connection of
the detecting electrode of the biosensor to the first
current/voltage conversion circuit or the ground; and

a control part for controllihg the fist A/D conversion
cirduit, the second A/D conversion circuit, and the first
selector switch,

the control part
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applying a voltage between the detecting electrode and
the counter electrode as well as between the working electrode
and the counter electrode in a state where the first sélecﬁor
switch is connected to the first current/voltage conversion
circuit, |
| detecting an electrical change between the detecting
electrode and the working electrode as well as an electrical
change between the working electrode and the counter electrode,
respectively, occurring by the sample liquid which is supplied
to the reagent layer provided on the specimen supply path,

thereafter connecting the first selector switch to the
.ground,

applying a voltage between the working electrode and the
counter electrode as well as the detecting electrode, and

measuring a current generated bj applying the voltage.
43. The éuantification apparatus as defined in Claim 42
comprising:

a second selector switch for switching the connection of
the working electrode of the biosensor to the second
current/voitage conversion circuit or the ground, and

- the control part

applying a voltage between the detecting electrode and
the counter electrode as well as between the working electrode
énd the counter electrode in a state where the first selector

switch is connected to the first current/voltage conversion
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circuit and the second selector switch is connected to the
second current/voltage conversion circuit, respectively,
connecting the second selector switch to the g:ound when
detecting an electrical change between the working electrode
and the counter electrode, occurring by the sample liquid ﬁhich
is supplied to the reagent IaYer provided on the specimen
supply path, and
when thereafter detecting an electrical change between
the detecting electrode and the working electrode, in a state
where the second selector switch is connected to the second
current/voltage conversion circuit and the first selector
switch is connected to the ground, |
applying a voltage between the working electrode and the
counter electrode as well as the detecting electrode, and
measuring a current generated by'applying the voltage.
44. The quantification apparaéus as defined in Claim 42 or 43
comprising an informing means for informing a user that no
change occurs, when the sample ligquid is supplied to the
reagent-layer of the specimen supply path, and the control part
detects that an electrical change occurs between the working
electrode and the counter electrode but no electrical change
occurs between the detecting electrode and the working

electrode or the counter electrode.



